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both industrial metal cleaning and the dry- 
cleaning industry, the name, Detrex, stands out 
for dependable performance and operating 
features. Properly operated and maintained, 
Detrex equipment safe and meets all ac- 
cepted hygiene and ventilation requirements. 
basis, Detrex field technicians are always avail- 
able for periodic inspections equipment and 
operating conditions. They also assist the 
training operators and are recognized 
throughout industry the leaders this type 
educational program. 
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NOW! 


STOP 


AIR POLLUTION 


cloth-tube collectors 
assure clean stack all times 


Here’s the solution air pollution: Wheel- 
abrator cloth-tube dust collectors. Wheelabra- 
tor has developed cloth filtration its highest 
efficiency, and couples with simplicity de- 
sign and construction for dependable, low-cost 
operation and minimum maintenance. 


The cloth tubes form framework which 
the contaminating material itself forms filter 
bed cake, giving collection efficiencies ap- 
proaching 100%. direct shaking mechanism 
drops the collected dust directly into hoppers 
from which removed. Never under tension, 
even during shaking, the tubes have long life, 
retaining their collection efficiency all times. 


Installed removed individually from the clean 
air side, the tubes are readily accessible for in- 
spection. 


Development special synthetic fabrics has ex- 
tended the benefits Wheelabrator cloth-tube 
efficiency operations where hot and/or corro- 
sive gases must ventilated. 


Available complete range standard mod- 
els, assembled and knock-down, Wheelabrator 
collectors are efficient for handling air 250 
cfm hundreds thousands cfm. Special 
models are readily designed for special applica- 
tions. For more information, write today for 
Catalog 372. 


CORPORATION 


Mishawaka, Indiana 


for dust and fume control peak efficiency 
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new and great name solvent safety 


THE DOW CHEMICAL COMPANY 


MIDLAND MICHIGAN 


Dear Sirs: 


Chlorothene®, Dow’s 1,1,1-Trichloroethane (Inhibited Methyl 
Chloroform), the newest member the Dow family 
solvents. 


When you recommend Chlorothene for plant use, you are 
recommending solvent with variety safe and effective 
applications. Here are the reasons why: 


has maximum allowable concentration 500 
ppm (MAC), indicating greater margin safety. 
other solvent formulation commonly used 
industry today exceeds this value. 


Chlorothene has flash fire point standard 
testing methods. 


Its extremely low nonvolatile residue means harm- 
ful deposits remain. 


Its fast evaporation rate permits quick handling 
after cleaning, accelerates work flow. 


Chlorothene good for plant morale, too. People prefer 
working with this safer solvent that gets fast results 
almost all cold cleaning applications. 


welcome your inquiries about Chlorothene. Literature 
available Use Information, Toxicity and Physical Data. 
are anxious tell you the full story about the newest 
member the Dow family solvents. 


The Dow Chemical Company 
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Hoc Committee Certification has reported the Board 
Directors that believes that the AMERICAN INDUSTRIAL HYGIENE AS- 
SOCIATION should undertake program certification the broad field 
industrial hygiene. The Board after studying the committee’s report 
and thorough discussion has agreed the advisability such action 
strengthen the profession. has been indicated previously, the officers 
and Board Directors believe, that before embarking such program, 


the matter should presented the entire membership for final decision. 
Before asking each you express opinion shall attempt present 
all available information you before the forthcoming Atlantic City annual 
meeting. You will find material your Newsletter, this page and 
special releases from time time. addition, the suggestion the 
Hoc Committee Certification, have appointed committee seven 
past presidents under the chairmanship DR. HENRY SMYTH explore 
the method approach and prepare for the membership proposal for 
setting the mechanics for certification. expected that this committee 
will make its recommendations available the membership before the next 
annual meeting. With this and other information, our members should. 
well equipped make intelligent decision this vital matter. 


point would like stress that there will connection between 

membership AIHA and certification. Certification will not require- 
ment for membership, but will device for attempting establish and 
expand the stature our profession and provide recognition any 
industrial hygienist, whether member AIHA not, who meets the 
requirements set the certifying body. 


OUR sincere hope that each our members will well acquaint himself 
with all the facets this complex problem. President AIHA, 
would appreciate receiving any comments questions which members 
may have, for order successful this program must have the support 
significant majority our membership. Such support will rest 
full knowledge the reasons for the undertaking well its impact 


individual members. 
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ABOARD NUCLEAR SUBMARINES 


Lt. Comdr. JOHN EBERSOLE, USN 


VER 2000 years ago 
cinctly stated basic truth which ap- 
plies shipboard life: “There are three 
sorts people: those who are alive, those 
who are dead, and those who are sea.” 
Today can add fourth classification 
those who are sea submersibles; for 
the architecture, physical characteristics 
and function submarine place the sub- 
mariner environment unlike any oth- 
er. this unique and formidable en- 
vironment, rather than the radiation prob- 
lem per se, that encountered establish- 
ing shipboard radiation hygiene program. 
The submarine environment influences all 
radiation control measures and impor- 
tant enough justify the principle that 
submarine radiation hygiene more 
function the environment than the 
degree kind radiation present. com- 
parison, the environment here has greater 
significance than the industrial field. 
Yet, while emphasize the special en- 
vironmental problem the nuclear subma- 
rine and its variance from that the indus- 
trial establishment, must also mention 
basic similarities. The submariner, for ex- 
ample, may considered industrial 
worker who has reached the ultimate con- 
tact with his work environment. From this 
viewpoint, hour per day employee 
who must not only work, but must also eat, 
sleep, and find off-duty recreation but few 
feet from his job all times. such, then 
simply represents special case the 
field occupational medicine and industrial 
hygiene. This basic relationship 
cently described very aptly Dr. Harry 
vis the Navy’s Medical Corps the New 


Presented at the Eighteenth Annual Meeting of the 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION, 
1957, St. Louis. 
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England Journal Medicine: “Compari- 
son with the simultaneous evolution oc- 
clearly demonstrates that submarine medi- 
cine highly developed area the broad 
pattern occupational medicine.” Some 
these specific environmental factors that 
both differ and relate shore-based indus- 
trial problems will described this 
article. 


The Submarine Environment 


the submarine completely 

sealed streamlined pipe 
merged several hundred feet below the sur- 
face the sea. This sealed finite volume 
with its enclosed air has contact with 
the earth’s atmosphere. Here rests one 
our environmental problems when sub- 
merged cannot use the earth’s atmos- 
phere for dilution airborne radioactivity. 
The submarine may surface ventilate, 
course, but this requires time and may not 
tactically possible feasible. 

Inside the ship’s sealed volume large 
central recirculation blower 
through the ship via piping that opens into 
each compartment, supplying air that 
compartment. Exhaust intakes each com- 
partment lead back the suction side the 
biower providing recirculation ship’s air 
when submerged. The rate recirculation 
brisk and potentially provides for rapid 
spread airborne activity unless prompt 
measures are taken for isolation con- 
taminated areas from the ventilation sys- 
tem. 

The submarine compartment arrange- 
ment horizontal one convenient for the 
control contamination, but, even with 
the marked increase space our nu- 
clear submarines, there not room for set- 
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ting personnel decontamination stations 
resembling anything shore based situa- 
tion. The classical multi-staged decontam- 
ination station with directed flow horizon- 
tally through series rooms un- 
realistic placing bowling alleys sub- 
marines, and compromises are obviously 
necessary. One the many difficulties here 
lies the fact that showers are located 
some distance from the points poten- 
tial contamination and would require pas- 
sage contaminated personnel through 
living spaces. 

Inside our sealed pipe amazing con- 
warship, not just engineering plant, and, 
such, requires huge masses complex 
equipment well food stowage, cook- 
ing, eating, potable water, and sleeping 
spaces. This tremendous concentration 
facilities produces situation, for example, 
where food preparation and dining areas 
are less than feet from the reactor sys- 
tem. further description necessary 
order emphasize the importance 
contamination control under these condi- 
tions proximity. 

further environmental factor im- 
portance can readily understood again 
quoting Dr. Alvis: “Few industrial situa- 
tions require the employee remain the 
factory overnight and all week long for 
much several weeks end.” Exposure 
rates versus stay times, for this reason, 
cannot simply based the 40-hour 
week. Continuous exposure situations 
casualty sea require situational modifi- 
cations maximum permissible exposures 
and concentrations where these are based 
the standard 40-hour week. 

These are some the major factors that 
must considered formulating the ship- 
board program. The submarine environ- 
ment not always antagonistic, however, 
and may often used advantage. 
some ways the environment itself tends 
simplify radiation control 
parison shore based industry. The sub- 
marine, for example, divided horizontally 
into series compartments sturdy, 
watertight bulkheads. Access each com- 
partment limited one watertight door 
each bulkhead. Simply shutting and 
securing this door and shutting ventilation 
valves one can quickly isolate that com- 


December, 1957 


partment. This the basis for casualty 
control procedures. 

Among the advantageous environmental 
factors must also include the high state 
training our submarine crews and 
their selection for intelligence and stability. 
These qualities are vital for the necessary 
cooperation required for good radiation hy- 
giene. previous presentation stated 
that the absorbtion coefficient the human 
cerebrum important that our 
shielding materials. Pre-selection per- 
sonnel from this standpoint should 
goal industry important health 
physicist his scaler circuits. 

The relatively small number people 
and the ease communication aboard 
operating submarine are additional helpful 
factors. 


Radiation Hygiene Requirements 


SHIPBOARD radiation control program 

nuclear submarine must possess 
broad capability. This capability has 
exist independent shore based installa- 
tion for periods several months, and, 
must embrace fields both engineering 
and biological interest. mention the 
capability for obtaining engineering data 
because equipment used the radiation 
hygiene program, such counterscalers, 
also can doubie for procuring operational 
engineering data. the narrow confines 
submarine one does not duplicate facilities 
where avoidable. For this reason such 
activity the processing coolant sam- 
ples arranged obtain both engineer- 
ing and biological information. 

important characteristic the radia- 
tion control program that must func- 
tion during in-port periods well 
sea. Indeed, during reactor shut-down 
periods for maintenance, inspection, and up- 
keep that the health physics load reaches 
its peak. this not differ from 
our shore based brethren. such main- 
tenance situation port without support 
facilities, the ship’s program must embrace 
all the problems issue protective 
clothing, waste disposal, contaminated stor- 
age, and decontamination not small 
item its over-all capability. 

summarize the requirements the 
ship’s program: 

Provide personnel dosimetry pro- 
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gram for beta, gamma, and neutron dosim- 
etry. 

Provide means for processing and 
quantitating primary coolant and associated 
liquids. 

Provide means for radiochemical anal- 
ysis, including analysis for fission products 
liquid samples, including urine. 

Collect and process air samples for 
measurement airborne activity, includ- 
ing radioactive gases such Argon 41. 

Maintain routine program for 
checking shield integrity and quantitating 
dose-rates. 

Provide necessary calibration sources 
for film, dosimeters, and dose-rate me- 
ters (beta, gamma, and neutron). 

Determine protective clothing require- 
ments. 

Establish and man control points 
required situations. 

Provide training programs for the 
crew. 

10. Carry out decontamination 
and supervise materiel decontamination. 

order meet these requirements 
small laboratory provided 
Medical Department. The medical person- 
nel consists one doctor and two hospital 
corpsmen both and Seawolf. 
Under their cognizance the laboratory 
which contains counting equipment, film 
developing tank, and the usual adjuncts 
health physics program (see Figs. and 2). 
The dimensions the laboratory may 
some solace the shore based health 
physicist whose dreams lebensraum are 
being frustrated. The total area the labo- 
ratory approximately square feet, with 
only square feet floor space. Fortun- 
ately, one member the Medical Depart- 
ment off duty his bunk under normal 
rotation when the remaining two are 
the laboratory. 

considering the equipment and tech- 
niques available for health physics work 
submarine, are confronted again with 
the influence the submerged environ- 
ment. have considered this environ- 
mental influence radiation 
this influence equally important 
placing limitations techniques and equip- 
ment. example, consider the effect 


evaporating hour urine samples 
the enclosed volume submarine 


Fig. 
Ship's radiac laboratory showing sample count- 
ing area. 


Fig. 
Ship's radiac laboratory showing film process- 
ing and chemistry area. 


using methane mixtures gas flow count- 
ers with the potential explosive hazard that 
may result confined space. 


Radioactive Sample Counting Limitations 
counting done with end window 
Geiger tube techniques, both liquid and 
dry counting. One advantage this meth- 
the low backgrounds low 
11-15 counts per minute when submerged 
below 100 feet due the shielding effect 
sea water. Well-type were 
originally attempted, but high backgrounds, 
fluctuating with reactor power and normal 
ship vibration, were met. Simplicity, sta- 
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Fig. 
Geiger-Mueller liquid counter showing sample 
cup place. 


Fig. 
The jig, tube, and sample cup for liquid 
counting. The sample cup here inverted over 
metal spacer check tube-cup distance. Note 
positioning peg near back cup. 


bility, and ruggedness favored the end win- 
dow. Future techniques, particularly 
surface ships, may favor the well type 
crystal however, because the count- 
ing liquid samples sealed vial 
distinct advantage the 
form that surface ship can be. Gas flow 
counters are prohibited because the haz- 
ard inherent gas mixtures inside sub- 
marine. Here again, limitations posed 
submersible not apply surface ships. 

Dry samples, air samples, and swipes are 
counted the usual manner. Liquid sam- 
ples are quantitated manner that will 
described detail. The liquid counted 
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routinely reactor coolant water which dur- 
ing reactor operation will approximate 
microcuries per total activity. 
carefully measured into metal cup 
which placed shelf below stand- 
ard end window tube. Fixed positioning 
pins the shelf insure accurate 
ing the horizontal plane. Vertically the 
distance between the cup and tube criti- 
cal. Before placing the cup this tube-shelf 
distance checked with standard spacers 
insure accurate spacing (see Figs. and 4). 
Standard radiation sources are provided for 
further check insure that line-up con- 
ditions are within narrow range. The 
count rate obtained under these controlled 
conditions may then referred calibra- 
tion curve microcuries per versus 
counts per minute. The curve based 
phosphorous solutions known activity, 
the maximum energy betas closely ap- 
proximating that the isotopes coolant 
water. 

This method rapid and reliable for to- 
tal activity checks and avoids necessity for 
evaporation. definite advantage the 
ease teaching untrained personnel. 
The lower limit sensitivity 1.5 10° 
microcuries per cc. Below this level stand- 
ard concentration techniques are used. 

complication this method arises 
when the ship surfaced rough seas. 
avoid spillage this situation the sam- 
ple cup covered with Saran wrap held 
firmly place metal rim which fits 
over the cup. Here 10% positive cor- 
rection must made the final con- 
centration obtained. The possibility spil- 
lage rough seas one factor that must 
considered any liquid technique. 
This will even greater problem sur- 
face ships, since submerged submarine 
ideally stable platform, despite any sur- 
face condition. Under rough sea conditions, 
therefore, sealed vial coolant 
crystal well has the advantage previously 
mentioned. 

similar system used for atmospheric 
Argon determinations (see Figs. and 
5B). Here sample air collected 
cylindrical metal container. squeezing 
the rubber bulb, air pulled through 
high efficiency filter metal holder and 
passes into the sample cylinder displacing 
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air through open valve the cylinder. 
Check valves insure air flow one direction 
only. The upper surface the sample cyl- 
density. After flushing the system the 
cylinder valves are closed trap the sample 
and the cylinder positioned beneath the 
end window tube with liquid sample. 
After suitable counting time the count 
rate referred calibration curve de- 
termine concentration air. Particu- 
late air activity removed the filter and 
does not enter the sampling cylinder. The 
high density the cylinder window limits 
all gas activitity Argon for 
practical purposes. The lower limit sen- 
twice background count rate. The source 
dissolved air reactor coolant 
water. 

Both liquid and Argon techniques were 
developed the USN Material Laboratory, 
Brooklyn Naval Shipyard. 


Radiochemistry Limitations 


CHIEF compromise necessitated the 

submarine environment radiochemis- 
try the avoidance volatile solvents and 
reagents. The finite volume the sub- 
merged submarine with its common ventila- 
tion system cannot contaminated with 
irritant toxic fumes. Strong mineral 
acids, volatile hydrocarbons, ammonia, gla- 
cial acetic acid, and many other common re- 
agents must avoided 
used, particularly evaporation procedures. 

Reagent substitution times can 
problem, best described going from the 
frying pan into the proverbial fire. 
example the substitution non-volatile 
sodium hydroxide for ammonium hydroxide 
alkaline precipitation techniques. prob- 
lem develops when reaction occurs between 
the sodium hydroxide solution and the at- 
mospheric carbon dioxide, always present 
low levels submerged submarine. 
Resultant weakening the reagent oc- 
curs. This reaction can avoided the 
use stock saturated solution OH. 
Storage and handling such caustic 
solution the narrow confines sub- 
marine dangerous and requires extreme 
caution. Any chemical technique must 


therefore, examined detail before ac- 
ceptance. 
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presents similar problem, although more 
esthetic than toxic, but can expected 
evoke marked negative reaction from the 
crew. Acidified hour samples can col- 
lected sea and later processed port, 
except extreme emergencies, solu- 
tion this problem. 

Evaporation any liquid sample lim- 
ited the use infra red lamps hot 
plates open flames are not tolerated 
submarine. This not serious lim- 
itation, but consideration evaporation 


Fig. 5A. 
Argon sampling device. 
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Fig. 5B. 
Schematic Argon sampling device. 
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Film processing tank. 


must also given the three dimensional 
capability submarine. Sudden and 
large down angles can abruptly end 
large volume evaporations. For this rea- 
son containers must rigidly held place 
over heating elements which turn must 
secured prevent spillage. 


Photodosimetry 


NEED for board photodosimetry 

program with complete processing fa- 
cilities presents minor problems the 
areas of: (1) calibration, (2) storage, 
temperature control during processing. 

Calibration presents problem sea for 
the calibration source must used inside 
the thick steel cylinder that submarine, 
introducing backscatter errors. Normally, 
open air calibrations are done shore, but 
extended periods sea may require film 
calibration inside the ship. correction fac- 
tor can determined port comparison 
between open air and board calibration 
and later applied sea. Care must 
taken ensure that conditions are the 
same. The point important the cor- 
rection factor obtained the torpedo 
room, favorite area for calibration pro- 
cedures, because the presence absence 
torpedoes can significantly alter geometrical 
considerations later date. 

Film storage the ship’s chill box 
comparable refrigerators used shore. 
radiation levels are detectable this 
area and problems have arisen stor- 
age. Contamination this area 
obviously vital both for film and food sup- 
plies. 

Adequate 


temperature’ control during 
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Fig. 
Film processing tank. 


processing achieved small tank with 
self contained coolant compressor and 
heating elements for temperature regula- 
tion water bath into which containers 
are placed for processing solutions (see 
Figs. and 7). The system recirculatory 
one avoiding the use large quantities 
water which may premium aboard 
submarine sea. inherent agitation 
the tank required because the small vol- 
ume involved. Normal ship vibration would 
accomplish this sea, although 
not required temperature control has 
been adequate port. The laboratory it- 
self becomes dark doom during film proc- 
essing periods. 


Source Limitations 


BUILD-UP radon and its daughters 

from radium sources presents both 
biological and nuisance 
submerged submarine. Having prohibited 
the use radium dials and markers aboard 
for this reason, not use radium for 
film, dosimeter, instrument calibration. 
Instead, Cobalt sources various 
strengths are carried the usual lead stor- 
age pigs without difficulty. Small strontium 
and uranium sources are also carried 
beta sources. radium D-beryllium source 
ing used avoid the radon 


problem. 
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Instrumentation 


GENERAL, specific environmental lim- 

iting factor arises here except that port- 
able instruments, such dose rate meters, 
must rugged for shipboard longevity. 
Most commercial instruments are sadly lack- 
ing this respect and standard Navy equip- 
ment used almost entirely except for 
special evaluations. Contrary what 
non-submariner may believe, humidity prob- 
lems not normally exist. The air con- 
ditioning capacity nuclear submarines 
normal operation provides humidity control 
that would make shore based health physi- 
cist envious. Vibration, being minimal, pre- 
sents problem, except noted previously 
with one scintillator rig, and this appeared 
intrinsic the particular device used. 

End window mica Geiger tubes used 
sample counting procedures must face one 
important environmental factor that 
abrupt changes altitude while snorkel- 
ing. snorkeling valve located top 
the tube will close automatically 
rough seas prevent sea water from enter- 
ing the tube. With this valve closed and 
diesel engines continuing run, vacuum 
created inside the submarine which can 
simulate rapid ascent 4000 feet al- 
titude before the diesels are secured. 
though this not normal method pro- 
pulsion for nuclear submarines, may 
used occasions. For this reason mica 
end window tubes which can withstand al- 
titude changes are used prevent tube 
rupture from expansion the contained 
fill gas. These are simply tubes with low fill 
gas pressures such the Tracerlab “L” 
series. Pressure changes the opposite 
direction are problem since atmospheric 
pressure inside submerged submarine 
rarely exceeds inches mercury and is, 
for practical purposes, atmospheric 
pressure. 

the instrument field are interested 
future developments which will tend 
minimize space requirements subma- 
rine. Two such considerations are minia- 
turization present equipment and use 
alternating current the power supply for 
portable dose-rate meters. the confines 
submarine one never far from 
120 volt, cycle electrical outlet. The 
necessity for finding space store mul- 
titude spare batteries different char- 


acteristics space problem small 
magnitude. Development programs are be- 
ing carried out this field. 


Personnel Exposure 


DESCRIBING the effects submarine con- 

ditions radiation control and attempt- 
ing emphasize the peculiar problems en- 
countered, one apt make pessimistic 
impression regarding radiation 
exposure. Such not the case, for the de- 
sign and engineering the propulsion plant 
adequately adjusted submarine exist- 
ence. The best index this the exposure 
record during the first two years’ operation 
the Nautilus. calendar 1955 the 
following figures were obtained: 

Average exposure 173 mrem per man 

per year 

Maximum exposure 1500 mrem per 

year 

Percent crew Over 50% 

with exposure 
per year 

1956 similar pattern has been re- 
ported Dr. Dobbins, present medical of- 
ficer the Nautilus. Average exposure 
per man per year was slightly over 200 
mrem, with maximum exposure 2200 
mrem per year. The increase not con- 
sidered significant and represents the effect 
increased operations during 1956. 

can concluded that radiation con- 
trol function both design and op- 
eration can excellent even the com- 
plex environment submersible. 


Summary 

The importance submarine environ- 
ment radiation control has been empha- 
sized. The limiting effect certain rou- 
tine health physics techniques has been de- 
tailed, and the shipboard equipment for 
these techniques described. 

The submarine environment places addi- 
tional demands radiation control due 
proximity and continuous exposure. The 
watertight construction characteristics fa- 
cilitate radiation control. Space limitation, 
ship motion and encapsulation limit routine 
health physics techniques and compromises 
had devised. Personnel exposure 
the U.S.S. Nautilus during the initial two 
years operation extremely low 
order magnitude. 
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Annular Kinetic Impactor 


HOY and CROLEY, JR. 
Explosives Department, Atomic Energy Division 
Pont Nemours and Company 
Savannah River Plant, Aiken, South Carolina 


preliminary report one aspect 

over-all study designed test the 
applicability annular impactor de- 
scribed the sampling airborne 
radioactive particulate contaminants the 
Savannah River Plant. Such instrument 
interest this installation con- 
nection with the possibility establishing 
working requirements radioactively con- 
taminated areas. its ability separate 
particles different mass, eliminates the 
necessity waiting for decay some types 
particles determine presence others. 

previous report? has indicated that 
definite possibility exists for the detection 
radioactively contaminated particulates 
over radon background use the im- 
pactor principle. Accordingly, the primary 
objective this aspect the study was 
(1) design impactor for use with the 
Staplex air sampler; and (2) determine 
the relative collection efficiency this unit 
for atmospheres contaminated with pluto- 
nium, fission products, and radon daughters. 
Other now progress 
Savannah River are concerned with apply- 
ing the impactor principle constant air 
monitoring devices. 


Discussion 


IMPACTOR was designed for use with 
the Staplex, Model TF1A, portable air 
sampler. The completed assembly (Figs. 
and was capable sampling air the 
rate ft/min, which corresponds 
orifice velocity 454 linear ft/sec. 
Theoretical calculations indicate that this 
device should impinge the sampling tray 
all particles down 0.4 micron diameter 
which have densities greater than 
Collection efficiencies for particles within 
the range the impactor were determined 
connecting two identical impactors 


series (Fig. 3). The efficiency the col- 
lecting material used trap the particles 
then obtained from the ratio the ac- 
tivities deposited each sample tray. The 
mathematical development, outlined Fig. 
gives the final equation: 


where activity first tray 
activity second tray. 


The contamination per cubic foot air 
does not appear the final equation, thus 
eliminating the necessity calibrating the 


Fig. 
Diagram Annular 
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instrument atmos- 
phere known contamina- 
tion. The activities, “A” 
and may expressed 
any convenient terms. 
Counter factors and geo- 
metrical considerations are 
eliminated the same 
counter used when the 
ratio taken. 


COLLECTION EFFICIENCY % 


Experimental Results 


one many possi- 
ble collecting materi- 
als, Dow Corning 200 fluid, 
was evaluated during this 
test. Other collecting media 
will evaluated. 
The following collection efficiencies were 


obtained various types contaminated 


Collection 
Material Efficiency, Standard 
Sampled Taken Deviation 
Plutonium 93.4 6.5 
Fission 
Products 91.8 
Radon 
Daughters 1.7 1.2 


Let K = the efficiency of each impactor 
Rerictency Mount Removed 
Entering 


B 


Samet A 


where X = concentration in air (d/m/cu ft) 
F = flow rate - tim (cu ft) 

« total activity striking A (d/m) 

= activity removed by A (d/a) A 

activity removed by B (d/e) B 


Fig. 
Calibration attachment. 


Sampling time vs. collection efficiency. 
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Time 


Impactor sampling using 
Dow Corning 200 fluid. 


The collection efficiency was found 
utes. Longer sampling periods cause de- 
crease efficiency due the 
cust particles covering the surface the 
grease. For plutonium, the average collec- 
tion efficiency dropped from for 10- 
minute sample 75% after continuous 
sampling for 24-hours (Fig. 4). 

alpha activity the 
grease was found 55.4% with 
standard deviation 19. This self-absorp- 
tion increased after the sample set for 
several days due the particle physically 
settling into the grease. The beta self- 
absorption, measured five samples, in- 
dicated that the beta activity lost the 
grease less than 5.0% with stand- 
ard deviation 3.3. 

particle size study the active par- 
ticles removed the impactor indicated 
that the active particles were above 
one micron diameter and 11% below. The 
majority the particles (52%) were be- 
tween one and five microns which, accord- 
ing the size range most likely 
retained the alveola. 


Procedure 


COLLECTING planchet very lightly 

greased spreading thin coating 
Dow Corning 200 fluid over the surface with 
gloved finger. The greased planchet 
placed over the small end the impactor 
and held place until the air sampler 
turned on. 

Flow rate and sampling time are recorded 


100) 
so 
40) 
so 
20 
20 
\ 
\ 
\ 
\ 
~ 
WSS 
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the sampling envelope. sampling time 
the sample has been taken, the dust-laden 
planchet placed back into the envelope 
for transportation the counter. The sam- 
ple counted the usual manner and the 
results recorded. 


Interpretation Data 


December, 1957 


cles air were determined collecting 
the samples tray coated with Dow 
Corning 200 fluid. was found possible 
detect the maximum permissible concentra- 
tions alpha, beta, and gamma-emitting 
contaminants sampling for 10-minute 
period. 

Collection efficiency for these contami- 


The concentration airborne plutonium 


(c/m (Counter Conversion Factor) 
(2.22 (2.83 104 ft) (0.95) (0.50) (Volume, ft) 


(c/m (Counter Conversion Factor) 


(2.98 (Volume, ft) 


The average alpha count due radon daughters about c/m 
and must subtracted from the initial net alpha count. 


Concentration fission products air. 
c/m**) (Counter Conversion Factor) 


(2.22 (2.83 104 ft) (0.95) (0.70) (Volume, ft) 
(c/m c/m) (Counter Conversion Factor) 


The average beta activity due the radon decay products 
approximately c/m. Again, this must subtracted from the 


initial net beta count. 

The average alpha count c/m, and 
the average beta count c/m, may vary 
widely under certain atmospheric condi- 
tions. Such conditions (1) extremely 
dirty atmospheres, (2) very high humidity, 
and (3) extreme inversion conditions, 
occasions, may cause the alpha and beta 
counts unusually high. high counts 
occur, investigation the atmospheric 
conditions should initiated. However, 
masks should worn critical areas until 
such results are evaluated. 


Summary 
ANNULAR impactor was designed for 


use with Staplex air sampler. The 
collection efficiencies for radioactive parti- 


nants was approximately 95%. This com- 
pares favorably with the 98% collection 
efficiency Whatman No. filter paper. 
The collection efficiency for the radon decay 
products, however, was for the impactor 
and 50% for the Whatman No. sampler. 
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Pre-operational Environmental 
Survey for Power Reactor 


HOYT WHIPPLE 


University Rochester Atomic Energy Project 


The operation reactor plant 
presents the possibility that radioactive 
material may released sufficient 
amounts increase the levels radio- 
activity the surrounding environ- 
ment. increase over pre-existing 
know what these background levels 
are before the plant goes into operation. 
The pre-operational environmental sur- 
vey carried out determine these 
levels. The scope such survey, the 
sensitivity limits and the requirements 
they impose methods and instru- 
ments are discussed. 


SPITE every practicable precaution, 

the operation power reactor offers 
amounts radiation and radioactive ma- 
terial increase the levels the environ- 
ment surrounding the plant. conse- 
quence this ever-present possibility the 
operators must able recognize any 
significant increases environmental levels 
that are related plant operation. 

the environment contained radio- 
active materials, the detection and measure- 
ment material released the plant would 
relatively simple matter. Radiations 
and radioactive materials are, course, 
always present, and many them existed 
long before man began tinkering with the 
atom. order recognize significant 
increase, necessary know what the 
levels are before the plant goes into oper- 
ation. 


Presented at the Eighteenth Annual Meeting of the 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION, 
1957, St. Louis. 

Mk. WHIPPLE is Health Physics Consultant to Atomic 
Power Development Associates, Inc., Detroit, Michigan. 


April 25, 


Rochester, New York 


The pre-operational environmental survey 
carried out characterize the levels 
radiation and radioactivity that prevail 
the neighborhood the plant before goes 
into operation. There three-fold purpose 
such survey: First, will make possible 
the prompt recognition any increase 
environmental levels, related plant oper- 
ation, that the cause may found and 
corrected long before levels any signifi- 
cance health are reached. Second, the 
survey will reduce the number false 
alarms arising from high levels unrelated 
plant operation the minimum consis- 
tent with the first objective. And finally, the 
survey will protect the plant from claims 
injury and damage unrelated plant 
operation. 

For these purposes, environmental char- 
acterization will consist the following 
ation and average concentrations radio- 
active materials. (2) The ranges through 
which these levels fluctuate, the nature 
any recurring cycles and patterns, and any 
correlations with meteorological conditions. 
(3) The types radiations and radioactive 
materials present the environment. 

These data will establish baseline. and 
the nature this baseline that will 
possible know if, and what extent, 
reactor operation changes the environmental 
conditions the region. 

The following factors define the scope 
pre-operational survey: (1) duration 
the survey, (2) limits sensitivity, (3) 
media sampled, (4) radiations and materials 
measured, (5) distance out from the 
plant, (6) number sampling locations, 
and (7) frequency sampling. 

detailed discussion each these 
factors not possible here, but proper 
note that today there great diversity 
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opinion many these factors. Stan- 
dards good practice have yet 
evolved. 

There fairly general agreement that 
the minimum period which ought cov- 
months order encompass the annual 
cycle exhibited many the quantities 
interest. Preferably the survey will last 
months and cover two summers allow 
for equipment failure and acquired wisdom 
and give some indication yearly variation. 

The limits sensitivity required the 
instruments and methods are dictated 
part the maximum permissible exposure 
for the public, and also part the desire 
obtain numbers rather than zeros where- 
ever possible. 

For some years now the maximum per- 
missible levels for occupational exposure 
have been based the figure 0.3 rem per 
week, rem per year. convention, 
the maximum permissible levels for non- 
occupational, i.e., public exposure have been 
taken 1/10 this, 1.5 rem per year. 
Recently several national and international 
groups have recommended reductions 
some these maximum permissible expo- 
sures the light possible genetic conse- 
quences world expanding atomic 
energy applications. Dr. Karl Morgan has 
recently reviewed these deliberations and 
has summarized the lower maximum per- 
missible exposures that will probably result 
from them.* 

Table gives tentative values for the new 
maximum permissible exposure levels. The 
first row figures for whole body expo- 
sure external radiation. Since these in- 
volve exposure the gonads, the maximum 
permissible occupational value 1/3 the 
old value, i.e., rem per year. Non-occupa- 
tional exposure near controlled areas 
taken 1/10 the occupational value, i.e., 
0.5 rem per year. Maximum exposure for 
the public large taken that which 
will double the natural background radia- 
tion, i.e., about 0.1 rem per year addition 
the background radiation. 

The most toxic emitter strontium-90, 
and the most toxic emitter associated with 
reactor operation plutonium-239. Both 


MorGAn, K. Z.: Maximum Permissible Dose of Radio- 
nuclides: Recent Changes in Values. Nuclear Science and 
Engineering, 1:477-500, 1956. 
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these are bone seekers and involve little 
exposure the gonads. consequently, the 
old MAC values apply for these materials 
air and water. The concentrations col- 
umn are for 40-hour-per-week exposure 
and are from NBS Handbook 52. 
The concentrations for strontium and pluto- 
nium columns and III are cbtained 
multiplying the Handbook concentrations 
for continuous exposure 1/10 and 1/50 
respectively. 

The MAC’s for most radioactive materials 
are set consideration one another 
critical organ. case are the gonads the 
critical organ. However, the case the 
noble radioactive gases argon, krypton and 
xenon, MAC’s are set whole body expo- 
sure, that concentrations listed the 
table for three these isotopes are reduced 
1/3 the older values, following the 
same line reasoning used obtain the 
values for external exposure. 

The figures given Table for large 
population groups may differ from those 
two, but such uncertainty not impor- 
tant for the present considerations. 

The tentative MAC’s for public exposure 
given Table present some interesting 
problems. With conventional counting equip- 
ment air sample about 30,000 cubic 
feet must drawn through filter permit 
accurate measurement these concentra- 
tions. Such sample can drawn 
week’s time any number available 
air pumps, but the layer dust that builds 
the filter presents two difficulties. 
First, the dust layer builds up, the pres- 
sure drop across the filter will increase, and 
the rate flow through the filter will tend 
decrease. some extent this difficulty 
can circumvented self-compensating 
pumps. The difficulty that parti- 
cles, and lesser extent, particles will 
absorbed the overlying dust layer 
the filter and cannot counted. 

The maximum dust layer through which 
reasonably constant air flow can main- 
tained, and through which and particles 
can counted with fair accuracy about 
air with dust load typical residential 
city (1.4 mg/m*) and not exceed dust 
filter about diameter required. 
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filter this size can counted only with 
large counter. Alternatively, one may ex- 
tract the material the filter chemically, 
draw smaller air sample and use special 
counters with very low background count- 
ing rates. similar line reasoning leads 
water sample 300 liters the mini- 
mum necessary measure the public MAC 
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for with conventional counting 
equipment. 

Table serves illustrate several other 
aspects pre-operational environmental 
survey. The first column designates the 
medium from which the sample drawn: 
air, surface water (meaning streams, rivers 
and lakes), ground water (meaning wells 


**Calculated by the method of NBS Handbook 52. 


*Critical organ is whole body, i.e., gonad exposure is limiting. 


TABLE 
TENTATIVE NEW MAXIMUM PERMISSIBLE EXPOSURE LEVELS 
Occupational, in Non-occupational, Large Population 
Controlled Areas Near Controlled Areas Groups 
Exposure 5 rem/yr 0.5 rem/yr 0.1 rem/yr 
External radiation* (0.1 rem/week) (0.01 rem/week) (0.002 rem/week) 
In Air ue/ml uc/ml ue/ml 
Sr’ + 6x 10-"” 2 4 x10-" 
Pu? 6x 10-" 2 x1¢-% 4 
Kr (10 yr)*, ** 3x 10-° 1 2 
In Water uc/ml ue/ml ue/ml 
4.5 x 1.5 x 10-7 3 


TABLE II. 
SAMPLING LOCATIONS 


Number of Collecting Locations' 


Beyond 
\% to5 Beyond Plant? 

Media Type of Sample Sampling Method On Site Miles 5 Miles Influence Total 
Fall-Out -+ Rain-Out Collecting Trays 10 59 50 10 120 
Particulates Filter, Integrating*® 2 4 6 2 14 
Particulates Filter, Continuous 

Air B-y Radiation Counter, or Ion 5 

Chamber, Continuous 2 2 2 1 q 
7 Radiation Counter, or Ion 

Chamber, Continuous 
Meteorologic® Continuous 1 1 1 0 


Water + Solids 


Water Proportional 
Water Spot 
Mud + Silt Spot 
— Plants Spot 
Bivalves Spot 
Algae Plankton Spot 
3round Water Proportional 1 2 2° 0 5 
Water Water Spot 3 4° 6° 3 16 


Spot 


Soil 


Spot 


Land Plants Spot 3 8 8 4 23 
Spot 
1. all quantities are to be taken as + 50% 
2. to provide a background reference after the plant is in operation 
3. continuous collection, read-out of average at 1-7 day intervals 
4. one or more of these stations might be mobile 
5. continuous collection, read-out of average at 3-12 hour intervals (radiation monitors at 30-60 minutes) 
6. meteorological variables: wind speed, wind direction, temperature and precipitation 
7. at first point of use 
8. at representative wells used for drinking water 
9. at all other wells used for drinking water 
10. ineluding cows’ milk, if any 
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and springs), sewage, and land. The second 
column describes the type sample, and the 
third the method collecting the sample. 
The next four columns give estimate 
the number collecting locations the 
site, off-site distance five miles, be- 
yond five miles and finally out beyond the 
possible influence the plant. 

Data from locations beyond the plant in- 
fluence are included provide background 
reference after the plant goes into opera- 
tion. With such data, general, transient 
increase radiation radioactivity re- 
sulting from natural causes bomb testing 
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will not attributed plant operation. 
more and more reactor survey networks 
into operation, and state and federal pub- 
lic health agencies begin carry out similar 
surveys, such reference data will pro- 
vided without the need for particular sta- 
tions. 

avoid any possible misunderstanding 
must emphasized that the quantities 
Table cannot regarded either 
accurate objective. They should taken 
personal estimates for general case. 
The most one can hope that they may 
found have overall accuracy +50%. 
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Diffusion and Deposition 
relation reactor safety problems 


MAYNARD SMITH and IRVING SINGER 


Brookhaven National Laboratory 


THE request the Atomic Energy 
Commission, Brookhaven National 
Laboratory has recently completed in- 
tensive study the hazards associated 
with nuclear power plants. Instead con- 
fining the investigation individual 
reactor some particular location, at- 
tempt was made derive conclusions 
applicable the majority power re- 
actors and sites now under consideration. 
The study was also unusual that was 
genuine group effort and represents 
wide variety viewpoints and disciplines. 
Officially, nine individuals are listed the 
study team, but more than score contrib- 
uted substantially the investigation, and 
many others provided helpful advice and 
criticism. The full report will shortly 
available from the Government Printing 
Office, under the title “Theoretical Possi- 
bilities and Consequences Major Acci- 
dents Large Nuclear Power Plants.” 
The purpose this paper review 
the role atmospheric diffusion and depo- 
sition processes hazard evaluation, but 
few comments concerning other parts 
the work are both interesting and necessary 
background information. Any reactor 
hazard analysis has three natural subdivi- 
sions, dealing, respectively, with release, 
distribution, and consequences the dis- 
charge fission products. Clearly, the 
study group concluded that major release 
was possible, despite the elaborate control 
devices and containment vessels included 
all power reactor designs. Had this not been 
true, there would have been need for the 
work diffusion and deposition. must 
emphasized, however, that large scale 
release fission products was considered 
extremely remote possibility. specific 


Research carried out under the auspices of the United 
States Atomic Energy Commission. 


Upton, Long Island, New York 


figure for this probability was included, 
since the various means deriving such 
figures (1) past experience, (2) com- 
posite probabilities successive simul- 
taneous events, and (3) average values 
considered opinions all failed produce 
useful information. 

surprising that with the variety 
power reactors, containment schemes, sites, 
and population distributions currently un- 
der consideration, anything typical could 
chosen, but believed that the hypotheti- 
cal model selected contains quite representa- 
tive features. The reactor was considered 
500,000 thermal unit, fueled with 

235 fuel reprocessing cycle 
180 days. Such reactor was calculated 
contain total fission product activity the 
amount 4.1 curies. Some the 
important constituents are follows: 

Iodine 5.0 107 curies 

Noble gases 3.4 107 curies 


1.7 107 curies 
3.0 10° curies 


Two types accidents resulting 
release the atmosphere were postulated. 
The first assumed breach the container, 
allowing volatile fission products and part 
the strontium inventory reach the at- 
mosphere. The second was major accident 
accompanied enough heat rupture the 
containment vessel, from which 50% the 
entire fission product inventory escaped. 
not important terms this paper 
specify precisely how these events were pre- 
sumed occur. Mechanisms for each could 
visualized, and neither could ruled out 
impossible. significant, however, 
that both were considered improbable, with 
the major 50% release significantly less 
probable than the volatile fission product 
release. 


List SYMBOLS 


Description Units* 
stability parameter 
less 
mean dosage curies 
sec 
QorQ, pollutant emission curies 
horizontal diffusion 
parameter 
vertical diffusion 
parameter 
distance downwind 
distance crosswind 
tion cm/sec 
removed per sec. 
rain 
*Those not specified are included in the text 
or tables. 


From the meteorological point view, 
the task was translate these releases into 
cloud dosage and particulate deposition 
downwind the reactor site. Thus, the ob- 
jective was definition the distribution 
the fission products. Evaluation the con- 
sequences contamination formed yet an- 
other part the study, and not consid- 
ered the present paper. 


Site and Climatology 


THE FIRST step was establish typical 
site complete with appropriate climato- 
logical statistics. This, like many other 
the generalization problems, proved simpler 
than had been anticipated, and the very fact 
that the reactor was restricted electric 
power generation helped considerably. Such 
reactor usually designed serve mu- 
nicipal area, and would logically placed 
distance from the population center com- 
mensurate with economical land and trans- 
mission costs (30-35 miles). substantial 
source fresh water necessity, that 
was also possible specify location near 
lake river. the two, the river be- 
lieved more probable. These facts permit 
onstruction rough map the idealized 


ished studies Brookhaven. 
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site, shown Fig. The two-mile valley 
width with 200-foot ridges parallel the 
river and north-south orientation purely 
imaginative, but way unrealistic. 

From survey U.S. climatological 
records and available micrometeorological 
studies, synthetic microclimatology was 
developed and presented Tables and 
II. The first entry Table may ex- 
pected surprise individuals unfamiliar 
with microclimatology, for the temperature 
inversion still generally thought 
uncommon phenomenon. Actually, the as- 
signment 50% all hours the inver- 
sion category quite keeping with micro- 
climatological studies such those 
Savannah River? and Oak 
Ridge would even suggest the possi- 
bility value greater than 50% for 
valley location. 

The selection typical lapse rates and 
mean air temperatures needs little explana- 
tion justification. There are wide varia- 
tions both over the United States, but the 
numbers used are realistic. The same may 
said the percentage hours rain- 
fall and the association with lapse and 
inversion cases. The normal and moderate 
rainfall rates were selected from 
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Fig. 
Imaginary reactor location the United States. 
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TABLE 
METEOROLOGICAL PARAMETERS FOR 
IDEALIZED SITE 


Therma! Stability 


Lapse Inversion 
50 50 
(normally (generally 
, day, but night and 
Frequency many 
Occurrence (percent) nights also) morning) 
Lapse rate (°C/100 —1.0 +1.0 
Mean air temperature 
(°F) 
Hours with precipitation 
(percent) 
Mean wind speed ground- 
level (m/sec) 5.0 3.0 
Mean wind speed 400-800 
meters (m/sec) 15.0 15.0 
Total annual precipitation ..... in/yr 


Most probable rainfall rate ....0.02 in/hr 
Rainfall rate exceeded 


TABLE II. 
WIND DIRECTION FREQUENCIES FOR 
IDEALIZED SITE 


(percent) 

Ground-Level Aloft (400 - 800 m) 

Direction Lapse Inversion Lapse and Inversion 
North 7.5 22.5 
Northwest 10.0 5.0 
West 5.0 5.0 
Southwest 7.5 5.0 
South 10.0 2.5 
Southeast 2.5 2.5 
East 2.5 2.5 
Northeast 5.0 5.0 
Totals 50.0 50.0 100 


The upper level wind distribution the 
final column Table reflects predomi- 
nant westerly flow very common middle 
latitudes. The division the ground-level 
winds into lapse and inversion hours 
accordance with the well-known 
ing” effects valleys, and especially 
noticeable the 22.5% frequency assigned 
northerly (down valley) inversion winds. 
also common knowledge that relation 
usually exists between wind direction and 
rainfall, but this such widely varying 
feature climatology that was decided 
consider rainfall hours independent 
wind direction. 

The wind speeds 3.0 and 5.0 m/sec 
selected for the ground-level inversion and 


lapse cases, respectively, were chosen 
represent flow near, but not necessarily 
the ground over relatively long distances. 
The upper level winds would not expected 
show any important diurnal variations, 
and were chosen m/sec for all cases. 

Tables and provide all the usual 
meteorological parameters necessary for the 
computation the probability various 
weather conditions existing the time 
accident. While much larger number 
specific conditions should investigated 
give complete representation the 
probable fate the fission products, 
believed that the range injury and dam- 
age reflected various combinations 
these includes about 95% the possible 
cases. 

One important feature the meteoro- 
logical analysis, well much the other 
material the report, that there was 
lack conscious bias toward pessimistic 
values the parameters. The meteorological 
approach, all its details, was completed 
before any the consequences the as- 
sumptions were known. should not 
inferred from this that the selection 
theoretical models and values the param- 
eters considered good. the contrary, 
many portions are very uncertain, will 
become evident the development the 
various phases. 


Initial Cloud Behavior 


the most important and most 
difficult portions the meteorological 
study was specification the cloud behav- 
ior immediately after release. This was true 
both because the difficulty specifying 
the exact nature the release from the 
reactor, and because scanty knowledge 
concerning the behavior small clouds and 
jets. terms the latter, the difficulties 
stem largely from the lack suitable field 
tests for comparison with existing theoreti- 
cal models. Much recent attention has been 
devoted nuclear bomb clouds, but these 
are too large and too hot for the current 
scale interest. Data the right scale, 
derived from chemical explosions combus- 
tion, are usually by-products other stud- 
ies and not include sufficient information 
for acceptable analysis. 
this study, the equation Sutton® was 
selected for the daytime ascent and the Hol- 
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land was applied 
nocturnal conditions. These 
predicted heights 860 meters 
lapse conditions and 400 me- 


ters during inversions for 
Conditions 


sufficient heat and pressure 
rupture the containment shell. 

was recognized that release Lapse 
volatile products probably 
would not hot, and also that 
the major failure could occur 
slowly enough prevent any effective as- 
cent. The study therefore proceeded 
the basis essentially three types 
release: (1) hot cloud rising 860 meters 
during the daytime, (2) hot cloud reach- 
ing 400 meters night, and (3) cold 
cloud ground-level regardless the time 
day. 

The effects the initial behavior are far- 
reaching terms both direct dosage 
from the radioactive cloud and deposition 
particulates dry weather. succeeding 
sections, this illustrated analysis 
the major release only. The volatile case 
can usually treated simple percentage 
the cold 50% release, and partic- 
ular interest the analysis distribution 
such. 


Diffusion 


attempts have been made derive 

expressions for the diffusion gases 
aerosols the atmosphere. question- 
able that any can defended rigorously 
theoretical grounds, but several could 
used with acceptable accuracy appropriate 
values the diffusion parameters were in- 
troduced. The treatment Sutton® seemed 
especially appropriate, since possesses the 
flexibility necessary for the study, and 
familiar all engaged micrometeorology. 
particular, the basic equation for con- 
tinuous point source was used the diffu- 
sion model: 


(1) 


had been stated, difficult speci- 
exact nature the release, but the 
total quantity fission products curies 


*All symbols are defined in the “List of Symbols.” 


Typical 


Typical 
Inversion 


TABLE III. 
DIFFUSION PARAMETERS USED THE STUDY 


y 


(m) (dimensionless) (m"/?) (m"/?) (m/sec) 


0.25 0.40 0.40 5.0 
860 0.25 0.40 0.40 15.0 
0.55 0.40 0.05 3.0 
400 0.55 0.40 0.05 15.0 


substituted for the rate release (Q), 
the result, given the convenient 
direct use individuals evaluating the con- 
sequences accident. 

The added considerations necessary 
radiation study, such attenuation, decay 
and build-up factors, were all included 
the establishment specific dosage values 
that were used delineate injury and dam- 
age categories. 

Selection appropriate values for the 
diffusion parameters was hampered the 
same lack appropriate field data that had 
been problem determining the ascent 
the cloud. Either measurements had been 
made from source which was too large, 
such nuclear bomb tests, low-level 
sources had not been studied sufficient 
distances. Clearly, cloud diffusing the 
stratosphere little use, and the extra- 
polation data such Brookhaven’s, which 
measured only within kilometers, 
questionable. Another limitation brought 
forth the analysis diffusion data was 
that most studies have been made under 
lapse conditions. The nocturnal inversion 
case, which occurs approximately 50% 
the time, has seldom been studied quantita- 
tively. Fortunately, was possible obtain 
some information concerning the dispersion 
over long distances for the inversion case 
from the Tennessee Valley 
Authority. These were helicopter measure- 
ments the concentrations SO, 
miles from steam plant. They supple- 
ment local inversion studies made Brook- 
with Kytoons. Both are continuous 
sources rather than isolated clouds, but they 
have helped greatly the final selection 
the parameters given Table III. 

Since the diffusion parameters are criti- 
cal all aspects the study, impor- 
tant examine Table III carefully. The 
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most noticeable feature 
that allowance has been 
made for variation the 
parameters with height, ex- 
cept the case the 
mean wind speed (u). This 
based the fact that 
the diffusion occurs over 
greater distances than any 
previously studied, and 
doubtful that the varia- 
tions with height shown 
short-distance tests are 
pertinent. terms wind 
speed, well known that 
important increase usu- 
ally exists 


DOSAGE , C-sec/m® 
6 


UNCORRECTED FOR DEPLETION OF 
CLOUD- ALSO APPLIES FOR tw IN ALL 
CASES SINCE DEPLETION IS SMALL 
FOR 7m DEPOSITION 


—--CORRECTED FOR 7m RAINOUT 


DIFFUSION OF FISSION PRODUCTS, GROUNO-LEVEL CLOUD 
TYPICAL DAYTIME CONDITIONS 


WIND SPEEO (U) © 5.0 m/sec 
CLOUD HEIGHT O 


DOSAGES MAY BE CONVERTED TO 
VOLATILE CASE BY MULTIPLYING 
BY 0.42 


UNITS 

DIFFUSION 

PARAMETERS 
4 
4 
+ 


10 100 
DISTANCE DOWNWIND, KILOMETERS 


mately the first 2000 feet 


above ground, and this 
reflected 


Fig. 


The dosages directly downwind the reactor are shown. Since 


shown. deposition and rainout actually remove portion the particles, 


serious quarrel an- 
ticipated with the use 
0.25 for the daytime 
conditions, since most inves- 
tigations have shown val- 
ues close this. The same 
said the 0.40 value 
for both and during 
lapse conditions. The use 
0.55 during the inver- 
sion case considerably 
less firm, and the main 
justification that fits 
the TVA data rather well. 
The choice 0.05 for the 
rough accordance with the 
meager information avail- 
able. almost certainly 
larger, and may 
small 0.02. The use 
0.40 for during the 
inversion reflects the belief 
that strong horizontal wind shear main- 
tained even during very stable conditions. 

The importance these parameters 
illustrated the dosage configurations 
shown Figs. and which the solid 
lines represent the dosages directly down- 
wind the reactor for cold release 
which the cloud centerline begins and re- 
mains ground-level. This approximation 
(1). The very great difference between 


6 


DOSAGE ,C - sec /m® 


UNCORRECTED DOSAGES 


CORRECTED FOR DEPLETION 
BY DRY DEPOSITION 7 


CORRECTED FOR DEPLETION 
BY RaAINOUT 


the corrected curves are included. 


DIFFUSION OF FISSION PRODUCTS 
GROUND-LEVEL CLOUD 
TYPICAL NOCTURNAL CONDITIONS 


UNITS 
RELEASE (0) cuRIES 
0.55 
DIFFUSION 
PARAMETERS C; 0.05 


WIND SPEED (G) 3.0 m/sec 
CLOUD HEIGHT (hd: O 


OOSAGES MAY BE CONVERTED TO 
VOLATILE CASE BY MULTIPLYING 
BY 042 


10 
DISTANCE DOWNWIND, KILOMETERS 


' i 100 1000 
MILES 


Fig. 


The dosages directly downwind the reactor are shown. Since 
deposition and rainout actually remove portion the particles, 


the corrected curves are included. 


night and day immediately evident, for 
important dosages extend hundreds 
kilometers night compared approxi- 
mately during the daytime. This as- 
sociated with the very small vertical diffu- 
sion (C, 0.05) and the very large stability 
parameter 0.55) applied the inver- 
sion condition. 

Figs. and are indicative only condi- 
tions along cloud center-line. Obviously, the 
width must defined the nature the 
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ISOPLETHS OF FISSION PRODUCT DOSAGE, GROUND-LEVEL CLOUD 
= TYPICAL DAYTIME CONDITIONS “20 
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PARAMETERS 


wend 


Fig. 
constant dosage are 
shown horizontal plot. correction for 
deposition rainout included. 
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'GOPLETHS OF FISSION PRODUCT DOSAGE, GROUND-LEVEL CLOUD 
TYPICAL NOCTURNAL CONDITIONS 


SOPLETHS AME C- SEC 


TERS 


> 


CLOUD mE 


1 30 
Fig. 
Similar Fig. except for different distance 
scale. 


hazard evaluated. This was accom- 
plished computing dosage isolines. Those 
shown Figs. and represent significant 
dosage limits specified the health 
physicists and biologists the Brookhaven 
team (Table IV). The important point 
note the tremendous difference area 
resulting from changes diffusion param- 
eters. isopleth, for example 
during the day. 

The other interesting feature the diffu- 
sion analysis appears when the hot cloud 
sources are compared those ground- 
level. Figs. and are plots derived from 
precisely the same assumptions 
used obtain Figs. and except for the 
cloud heights and the wind speeds. Here 
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also, the difference between lapse and in- 
version evident terms distance, but 
neither case does the dosage reach the 
minimum damage level 


Deposition and Rainout 


studies provide basis for 

evaluating the direct effects the cloud 
passes over the countryside, but they 
give indication the particulate residue 
that may transferred ground surfaces, 
vegetation, and buildings. The term “trans- 
ferred” used initially instead deposi- 
tion rainout suggest the lack quan- 
titative knowledge concerning the processes 
that are actually involved. known that 
small particles may influenced many 
forces other than simple gravitational set- 
tling. Ranz and have shown that 
impaction, electrostatic and thermal forces 
may equally important for particles 
This also shown the recent experiments 
which deposition uranium fume was 
measured. Similarly, simple treatment 
probably does not describe scavenging 
rain where the hygroscopic nature the 
particles may important their size 
and shape. Forms precipitation other 


TABLE IV. 
SUGGESTED LIMITS 
RADIATION DOSAGE AND DEPOSITION 


Full 


F.P. Release 
Lethal exposure >400 
Illness likely 400 
Injury unlikely, but 
some expense may 
injury expense <10 
Range 
Urgent evacuation 
(within hr) 
necessary >0.2 
Evacuation necessary >10-2 
Severe restrictions 
land use, possible 
temporary evacua- 
tion, restrictions 
Probable destruction 
standing crops, 
restrictions agri- 
culture for first 
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RELEASE 2510" CURIES 
20.29 
9.40 
CLOUD HEIGHT 
DISTANCE DOWNWIND, LOWETERS 
20 
| | 
| 4 10 
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DIFFUSION OF FISSION PRODUCTS 
HOT CLOUD ALOFT 
TYPICAL DAYTIME CONDITIONS 


UNITS 


RELEASE 2x10° CURIES 
OIF FUSION n 025 
PARAMETERS |Cy* 040 
Cr* 040 
WIND SPEED 15.0 m/sec 
CLOUD HEIGHT {h) 862m 


DOSAGE, C- sec /m? 


10 100 1000 
DISTANCE DOWNWIND, KILOMETERS 
10 100 
MILES 
Fig. 


Similar Fig. except that dosage does not 
continuously the ground. Curves ad- 
justed for rainout and deposition have not been 
included since the maximum dosages are low. 


than rain present even more complicated 
problems. 

Unfortunately, scientific knowledge the 
right type for this study even more inade- 
quate than that applying diffusion. The 
most probable reasons are that complete 
field experiments deposition and rain-out 
small particles are extremely difficult 
conduct, and there has been little need until 
the present. All the limitations confronting 
meteorologists mentioned the section 
diffusion can repeated here, together 
with host others. Theoretical work and 
laboratory studies have dealt with idealized 
spherical particles under conditions unlike 
those the atmosphere. Field experience 
with bomb tests has covered satisfactory 
range particles, but the most interesting 
sizes from the point view reactor haz- 
ards are largely confined the strato- 
sphere. 
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DIFFUSION OF FISSION PRODUCTS 
HOT CLOUD ALOFT 
TYPICAL NOCTURNAL CONDITIONS 


UNITS 


RELEASE (Q)= 2x10° CURIES 
DIFFUSION 
PARAMETERS 
0.05 
WIND SPEED (G) = 15.0 m/sec 
CLOUD HEIGHT (h) 407m 


DOSAGE , C- sec 


10000 


100 1000 
DISTANCE DOWNWIND, KILOMETERS 


10 100 1000 
MILES 


Fig. 
Identical Fig. except for meteorological 
conditions. 


Paint pigments, such zine cad- 
mium sulphide, have been used largely 
tracers rather than for quantitative anal- 
yses. 

any case, apparent that little 
justification exists for the use analyses 
more sophisticated than simple settling ap- 
proximations until more research has been 
completed. Accordingly, the straight-for- 
ward approach dry deposition and rainout 
prepared Chamberlain! was used without 
alteration the study. dry weather 
assumed that the small particles are brought 
close the ground turbulent diffusion, 
and that deposition occurs from the lower 
portion only. This stated equation (2), 
which simply the basic diffusion equation 
multiplied velocity deposition (V,) 
and corrected for the removal particles 
the first exponential term. 

serious question arose regard the 
probable particle size range fission prod- 
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2Q, 
exp 
(h?) 


ucts released from the reactor. seems 
most probable that release would occur 
result combination with combus- 
tion, with the particles having the general 
characteristics fume. The size dis- 
tribution fitting this description would cer- 
tainly very small. However, one cannot 
rule out accident different nature giv- 
ing much larger particle size distribution. 
Table shows the two distributions selected 
for consideration the study. Figs. and 
represent the deposition for these two par- 
ticle size groupings during day and night 
conditions from ground-level clouds. The 
figures are essentially duplicates Figs. 
and except that deposition rather than 
direct cloud dosage plotted. They show 
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GROUND-LEVEL CLOUD 
TYPICAL DAYTIME CONDITIONS 


UNITS 
RELEASE (Q) = 2x10® CURIES 
DIFFUSION n = 9.25 
PARAMETERS 0.40 


= 0.40 
WIND SPEEO (G) 5.0 m/sec 
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10 
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Fig. 
Dry weather deposition shown for the two 
particle size distributions shown Table 
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TABLE 
PARTICLE SIZE DISTRIBUTIONS* 

Size Percent Percent 

by number by weight 
Group having 0.5 
mass median diameter 1.5 
1.5 
Group having 3.5 
mass median diameter 7.0 
15.0 


*Typical fume and dust distributions are 
shown. 


much the same relationship with meteoro- 
logical conditions, that the important 
deposition values extend much further 
downwind during inversions. The small par- 
ticulate group deposits more slowly, and 
results contamination smaller factor 
about 100 any distance importance 
during the daytime. The depletion the 
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Fig. 
Counterpart Fig. Note that particles 
become most important beyond 300 km. 
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cloud larger particles becomes noticeable 
great distances during inversions, how- 
ever, and beyond 300 the cloud gives 
greater deposition than the simply be- 
cause there much more material remain- 
ing the air. 

Plots the deposition curves associated 
with the hot cloud cases are not included, 
for they add nothing the discussion. De- 
position from the group exceeds that 
from the cloud all distances and levels 
interest, and neither lapse nor inver- 
sion cases are very large areas affected 
heavy deposition. 

Rainout has been treated similar 
manner using the same two particle distrib- 
utions and settling rates, and considering 
all precipitation rain. Chamberlain’s! 
formula describing the process follows: 


exp (—A/u) 
P= exp — 
(3) 


This equation differs sharply from (2) 
that all terms associated with height (h) 
diffuson disappear. This simp- 
means that the relatively rapid fall the 
raindrops brings any collected particle 
the ground almost instantly, matter what 
its initial location within the cloud. The im- 
plication this very important. 
advantage gained from the rise hot 
cloud, that all releases are effectively 
treated cold except for the important 
variation wind speed with height. 

second important feature becomes ap- 
parent only when the data for various cases 
are plotted. This the very marked attenu- 
ation the total content the cloud the 
rainout process, given mathematically 


the term exp table values 


function particle size and rainfall 
rates shown Table VI. 


x2-n/2 


TABLE VI. 
RAINOUT SMALL PARTICLES 


Proportion of 
Particle ee Cloud Removed per Second (\)_ 


Diameter (,) __ Rainfall 0.02 in/hr Rainfall 0.15 in/br 


RAINOUT FISSION PRODUCTS 
HOT CLOUD ALOFT 
TYPICAL DAYTIME CONDITIONS 
UNITS 
RELEASE (Q)= 210° CURIES 


DIFFUSION 
PARAMETERS 
0.40 
WIND SPEED (U) m/sec 
CLOUD HEIGHT (h)= 862 


MASS MEDIAN 
DIAM PARTICLES 
0.02 RAIN 


MEDIAN 
DIAM PARTICLES 
O15 IN./HR RAIN 


7M MASS MEDIAN 
DIAM PARTICLES 
0.02 IN./HR RAIN 


RAINOUT, CURIES /m® 


MEDIAN 
DIAM PARTICLES 
RAIN 


1000 
DISTANCE DOWNWIND, KILOMETERS 
' 10 100 
MILES 
Fig. 10. 


Curves for the two particle size distributions 
and two rainfall rates are shown. 


necessary compare carefully the 
plots for the various meteorological condi- 
tions, particle sizes and rainfall rates see 
the possible ground contamination patterns 
(Figs. 10-13). However, almost im- 
mediately apparent that the initial height 
the cloud offers advantage. fact, 
comparison the hot and cold cases during 
nocturnal conditions reveals that the ele- 
vated cloud results greater deposition 
except very close the source. This may 
attributed primarily the greater wind 
speed aloft, which carries the cloud further 
before the same percentage depletion 
achieved. 

The rainout process such complex 
relation rainfall rates, diffusion parame- 
ters, wind speeds and particle sizes that 
hard fit any very simple rules. most 
cases, however, small particulates may have 
much more serious consequences terms 
the size the contaminated area. Re- 
for example, would extend further down- 
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\ GROUND-LEVEL CLOUD 
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RAINOUT FOR VOLATILE 
RELEASE CAN BE OBTAINED 
BY MULTIPLYING BY 0.42 


1 10 100 1000 
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Fig. 


Similar Fig. 10, but much more rapid deple- 
tion removes most the material dose the 
source. 


wind with small particles each the four 
cases shown. 

All other factors remaining constant, 
increase the rainfall rate tends aug- 
ment rainout close the source and decrease 
greater distances. This effect much 
more prominent with light winds than with 
strong ones. 

Comparison these curves with dry 
deposition cases shows that rainout has 
more serious consequences. This often 
true the hot clouds which would produce 
only minor deposition dry weather, but 
could affect tremendously large areas with 
rainfall. 


Probabilities 


THE foregoing, the major factors affect- 
ing the dispersion and deposition fission 
products have been discussed individual 
subjects. The fact that the major release 
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RAINOUT FISSION PRODUCTS 
GROUND-LEVEL CLOUD 
% TYPICAL DAYTIME CONDITIONS 
UNITS 


DIFFUSION n=0.25 
PARAMETERS 

WIND SPEED(U) = 5.0 m/sec 
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NOTE: RAINOUT FOR VOLATILE 
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Fig. 12. 
Note that rainout, the rise the cloud does 
not prevent important deposition the ground. 


itself most improbable has been stressed, 
but also interesting review the prob- 
abilities the various meteorological occur- 
rences the event such failure. This 
relatively simple matter combining 
the synthetic climatology and the site map 
given earlier. 

For the conditions postulated, matter 
what the location the nature the acci- 
dent, always probable that there will 
rain and that the cloud will not move 
toward the city, with slight preference 
for inversion condition over lapse. Only 
the case the northern location there 
relatively large change movement 
the cold, ground-level cloud toward the city 
during inversion, and this reflects the 
channeling the wind flow night. Rain 
occurring the time accident would 
usually associated with lapse conditions 
and the movement would tend away 
from the city. The combination rain and 
inversions relatively uncommon. 
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RAINOUT OF FISSIOIN PRODUCTS 
HOT CLOUD ALOFT 
TYPICAL NOCTURNAL 
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Fig. 13. 
Similar Fig. 


Summary and Conclusions 
the recent Brookhaven study the haz- 

ards associated with power reactors. Atten- 

tion has been centered the distribution 
fission products that might accompany 

major reactor failure, and therefore 

largely concerned with meteorological 

processes. 

Despite our inability achieve high ac- 
curacy many these estimates, 
perfectly clear that the possible range 
direct cloud dosages and ground contamina- 
tion fission products very large 
indeed. Changes meteorological condi- 
tions alone could mean the difference be- 
tween relatively minor event and major 
catastrophe. not easy generalize 
about the problem, because the many 
factors involved, but few obvious features 
stand out. 

Most apparent the major influence 
atmospheric stability the distance 


which important concentrations and con- 
tamination may extend. also has most 
significant effect the magnitude the 
dosage and deposition values, but the in- 
crease distance with increasing stability 
virtually always present. 

second generalization may made 
concerning normal rainfall associated with 
clouds composed small particles. The typ- 
ical rainfall, which relatively light, great- 
increases the deposition close the 
source, and usually extends the isolines 
significant contamination much larger 
distances than would the case dry 
weather. 

Not neglected the ascent hot 
cloud. dry weather, initial rise only 
few hundred meters may reduce contami- 
nation downwind several orders mag- 
nitude. This rule cannot applied during 
precipitation, and may fact reversed 
because the more rapid movement the 
debris. 

Finally, careful site selection relation 
meteorology and topography can reduce 
the probability injury and damage 
important degree. This paper has used the 
distances and areas contamination 
yardsticks, and the evaluation the im- 
portance meteorology based upon them. 
However, consideration population dis- 
tributions, land values and land use, has 
been done the full study, way dimin- 
ishes the importance meteorology site 
planning. 
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Training Courses Air Pollution 


Air Pollution Training Section, Robert Taft Sanitary Engineering 
Center, offering six courses air pollution during late 1957 and early 
1958. The course material designed for chemists, engineers, and other scientists 


State and local health departments, 
The schedule courses follows: 


November 12-22, 1957 
January 13-24, 1958 
February 17-21, 1958 


March 10-12, 1958 
April 7-11, 1958 
April 14-18, 1958 


control and industrial groups. 


Atmospheric sampling 

Atmospheric sampling analysis 

Detection and control radio- 
active pollutants air 

Air pollution effects vegetation 

Source sampling and analysis 

Control air pollution sources 


Applications and further information may obtained from PAUL WOOLRICH, 
Chief, Air Pollution Training Section, Robert Taft Sanitary Engineering 
Center, USPHS, 4676 Columbia Parkway, Cincinnati, Ohio. 
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Engineering and Medical Control Exposures 


FREDERICK SANDS and GUY BOFFARDI 


Polyurethane Foam Manufacturing 


United States Rubber Company, New York, New York 
KENNETH JAMES and WARREN LUNDY 
United States Rubber Company, Chicago 


WALSH, M.D., Chicago 


EVERAL reports both European and 
American 
years have brought out the possibility 
respiratory irritation and possible inhala- 
tion sensitization individuals working 
with the diisocyanates. 

Our experience with toluene diisocyanate 
began November, 1954. From the incep- 
tion production, the diisocyanate used 
has been mixture 65% toluene 2,4- 
diisocyanate, and 35% toluene 2,6-diisocya- 
nate. simple terms, the basic operation 
consists reaction between two carefully 
prepared solutions one, mixture 
catalyst, water and resin; and the other, 
resin-isocyanate mixture produce poly- 
urethane foam. This then quickly poured 
into mold. Our operations are primarily 
the production foam-lined instrument 
panels for automobiles. 

The evolution the process, through 
several stages equipment changes has 
significant bearing our experience. The 
original installation consisted essentially 
two canopy hoods one enclosing the mix- 
ing operation, and the other, the pouring 
operation equipment was used 
for nearly year, without too much diffi- 
culty. For most this time, the number 
operators was small, possibly six seven 
persons. There were also several changes 
the ventilating equipment. The original fan 
had capacity only 800 cfm. This was 
replaced fan 2,000 cfm Decem- 
ber. March, 1955, when the first air tests 
were made with concentrations TDI 


Presented before the Eighteenth Annual Meeting of 
the AMERICAN INDUSTRIAL HYGIENE ASsociATION, April 25, 
1957, St. Louis. 


excess 0.1 ppm, the fan was again changed 
provide 5,000 cfm, and 100 fpm the 
face the hoods. Other changes, such 
the addition side curtains, and plexi- 
glass shield the mixing operation were 
also made. 

The second stage the evolution the 
process shown Fig. This occurred 
July, 1955. The operation makes use 
enclosed ventilated mixing booth, venti- 
lated pouring station, and enclosed belt 
conveyor. Fan capacity was 8,000 cfm pro- 
viding exhaust ventilation the mixing 
station, the pouring station, and the con- 
veyor enclosure. Personnel this operation 
involved about six people per shift. 


TO EXHAUST FAN — 


CURTAIN 


POURING CURING MIXING STATION 


Fig. 
Original installation. 


TO EXHAUST FAN 


MIXING & POURING BOOTH 


VENTILATION 
OvucT 


CURING TUNNEL 


BOTTOM VENTING IN BOOTH & CURING TUNNEL 


Fig. 
Temporary mixing, pouring and curing. 


The third and present stage the proc- 
ess development appeared October, 1955, 
nearly year after the original installation. 
Figs. and illustrate the ventilation 
this equipment. The two mixing stations, 
and other sources fume production are 
ventilated fans with total capacity 
approximately 15,000 cfm. Full operations 
required people per shift. This new de- 
velopment obviously provided tremendous 
increase production. 

During the transition period, involving 
the construction the unit, providing the 
proper duct work, etc., there was concur- 
rent rapid increase personnel man the 
unit. large number new people had 
trained the operation. 

For period about two 

months (September No- 

vember, 1955) there was 

rapid appearance re- 
spiratory complaints from 
people working 
with TDI. During this 
short period, cases 
respiratory irritation were 
ascribed TDI exposures. 


MIAING CUP 
DISPOSING 


these cases, nine 
were serious enough re- 
quire hospitalization. 
With the completion 
the unit, the number 


cases rapidly subsided. The 


hospitalized 
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ered with residual effects, except 
some cases, for specific respiratory sensi- 
tivity TDI vapor. 

Our experience corroborates the findings 
other observers, that the fumes TDI 
can irritating and capable producing 
symptoms varying degrees severity 
certain individuals. appears that, some 
cases, symptoms will develop short ex- 
posure high concentrations the chemi- 
cal, while others the symptoms develop 
after prolonged exposure low concentra- 
tions. are convinced that when. indi- 
vidual becomes sensitized TDI, there re- 
sults allergic state which the threshold 
lowered, that symptoms appear again 
progressively lower concentrations TDI 
vapor. 

Our air testing program began March, 
1955, several months after operations began. 
that time, obtained results the 
cellosolve-nitrite method® indicating occa- 
sional exposures excess the standard 
tentatively adopted for TDI 0.1 ppm. 
Later ventilation changes brought about 
substantial reduction this exposure. Fur- 
ther tests during the year the modified 
equipment described Figs. and showed 
results well below the permissible limit. 
the transitional state, from stage two 
stage three (see Fig. 3), adequate atmos- 
pheric testing was not carried out because 
the numerous changes taking place. 
suspected that during the brief period dur- 
ing which respiratory difficulties were en- 
countered, that is, September November 
1955, that atmospheric concentrations 


MISING ¢ POURING 
ENCLOSURES 


24546 UP THRU ROOF 


o MIAING € POURING 
AREA ENCLOSURES 


Fig. 
Plan below roof. 
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FOR HIGHER STACKS 
PROVIDE GUY WIRES 


FAN: 15.600 CFM. AT I'S 
€,750 RPM. TO HAVE 
16 GA DRAIN CONN 
MOTOR: TOTALLY ENCLOSED - 


FAN COOLED - ITSO 
TE HP. - 440¥-Gocre - 


BELT 


FLOOR 


OPEUINES 
Fig. 
Section A-A. 


the 


out 


vapor may have been excess 
permissible limit. Tests were carried 
periodically after the completion the new- 
units. These tests indicated that the aver- 
age was the range .04 
.06 ppm TDI. 

accumulated experience handling 
TDL, worked out series 

neering contro] measures, which 
are 

ventilation essential. All 
involving vapor products 


basic 


jon should 


Periodic air sampling. 
Strict attention housekeeping. Clean- 


ing spills and removal all scrap 
very important control measure. 

Provision adequate protective equip- 
ment operators, disposable paper aprons, 


gloves, and respiratory protection where 

Medical controls consisting of: (a) 
pre-employment physical ex- 
amination with special reference past 
history allergies, and respiratory condi- 


enclosed. Downdraft ventilation pre x-ray. Periodic examina- 
ferred. face 

air 


the exhaust system. 
mixing 
vessels transport 


TDI from storage 


and scrap remov- 


proper 
eration exhaust 


“oe 


6 wiht 


3 
| 


Fig. 
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tions all employees exposed TDI, with 
special attention the respiratory system. 
Complete physical examination any 
employee who shows incipient signs sensi- 
tization. (d) Removal sensitized persons 
TDI exposure. 


Summary 


SUMMARY, our experience indicates that 

the potential health problems the use 
TDI can overcome provided that the 
problems are recognized, and provided that 
the elements the engineering and medical 
control program, outlined above, are car- 
ried out. 
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The Problem ‘of Isolating 
the Noise-Susceptible Individual 


RAYMOND CARHART, Ph.D. 
School Speech and Department Otolaryngology 
Northwestern University, Evanston, Illinois 


OISE-SUSCEPTIBLE workers are those per- 
sons who suffer handicapping hearing 
losses more quickly than their compan- 
ions under equivalent noise exposure. These 
workers constitute the group from which 
claims for compensation are most likely 
arise and for whom awards are likely 
greatest. 

Limitations current knowledge impede 
discovery the noise-susceptible individ- 
ual. For one thing, the nature noise- 
susceptibility and the mechanisms under- 
lying obscure. Secondly, definitive 
methods for detecting proneness acoustic 
trauma prior job placement await re- 
finement and definitive validation. 


concepts regarding the na- 

ture noise-susceptibility are astonish- 
ingly confused and lacking objective 
support. Two premises, particular, are 
accepted relatively uncritically. The first 
that some people have almost path- 
ological proneness noise-damage. The sec- 
ond that noise-susceptibility constitutes 
relatively permanent defect the individ- 
ual who exhibits it. 

Both premises should questioned crit- 
ically. sure, such questioning may con- 
firm either both. However, whether 
does not, the increased insight which 
must result will allow more confident pro- 
grams industrial audiology. Moreover, 
there some reason believe that one 
both the premises may need revision. 

The assumption that some people are un- 
usually 
from the clinical observations the otolo- 


Research on the CAFT test reported in this paper was 
supported by funds provided under contraet AF (609) - 
630 with the USAF School of Aviation Medicine, Ran- 
doiph Field, Texas. 


gist, partly from the word-of-mouth tradi- 
tion workers heavy industry, and 
partly from statistical studies the hear- 
ing losses encountered noisy occupations. 
elaborate, the physician sees some pa- 
tients whose hearing has become markedly 
impaired conjunction with either drama- 
tic incidents acoustic insult prolonged 
exposure strong sound. The judgment 
that other listeners would not have suffered 
severe impairment under like circum- 
stances often made. This judgment prob- 
ably right, but usually rests heavily 
anecdotal evidence unsupported exact 
knowledge the exposure involved. Like- 
wise, has often remarked, seasoned 
workers urge new men who complain 
excessive tinnitus and temporary loss 
hearing seek quieter jobs before their 
“tin ears” are permanently damaged. Fi- 
nally, audiometric studies industrial pop- 
ulations reveal substantial range hear- 
ing losses. easy presume that this 
spread the product differences sus- 
ceptibility acoustic damage but, again, 
precise evidence the nature and extent 
exposure usually lacking. 

the other side the ledger the 
often confirmed observation that hearing 
losses which are clearly attributable 
noise are less severe and less frequent 
military and industrial populations than 
orginally anticipated. World War pro- 
duced only small fraction the handi- 
capping hearing losses which authorities 
had predicted. Likewise, early 
analysis hearing workers with long 
exposures industrial noise notable 
because the minuteness the average 
involvement and the slowness with which 
appeared have progressed when cor- 
rection was made for effects age. sim- 


‘ 


ilar conclusion emerges from the recent 
report the Z24-X-2 Subcommittee the 
American Standards Correc- 
tion for presbycusic effects yields net losses 
which average sharply less than the raw 
audiometric scores reveal. 

The foregoing examples illustrate the 
evidence which has accumulated support 
the view that, typically, the human ear 
relatively rugged and resistant (but 
not impervious) permanent damage 
from noise. Moreover, even the “tender 
may have more resistance than often sup- 
posed noise-susceptibility the lower 
end continuum which represents normal 
variability among people. The relative rare- 
ness, within the industrial population, 
marked auditory impairments which cannot 
attributed aging aural patholo- 
gies supports such view, since the alterna- 
tive reason that uncontrolled selective 
factors almost completely eliminate noise- 
susceptible individuals from the industrial 
population. Certainly, time re-ex- 
amine contemporary opinions the in- 
cidence noise-susceptibility and the 
auditory danger the susceptible person 
faces. 

Consider next the premise that noise- 
susceptibility permanent proneness 
auditory insult. Consider also the corrollary 
premise that given individual either does 
does not possess this proneness. These 
premises rest the belief that differences 
noise-susceptibility are the result 
stable anatomical, physiological patho- 
logical variations among people. has been 
suggested, for example, that the shape 
the the eardrum critical 
this regard. reasoned that configu- 
rational variations influence the sound pres- 
sure which occurs the eardrum and, 
hence, particular sound field may safe 
for one person yet may damage second 
person whose canal has different physical 
dimensions. Another idea has been proposed 
lated sufficient evidence concomitant de- 
fects vision and hearing allow the 
conciusion that some individuals possess 
constitutional weakness which encompasses 
not only the ear but also other sensory or- 
gans. Such individuals are, presumptively, 
more easily harmed noise. The important 
point the moment, however, that Nes- 
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swetha’s view illustrates the concept that 
noise-susceptibility relatively perma- 
nent condition. 

Interestingly enough, strong support can 
amassed for antithetical concept, 
namely, that individuals fluctuate their 
proneness acoustic trauma. Larsen,® al- 
most years ago, claimed there extra 
danger exposing workers with identifi- 
able ear pathology strong sound. Cook! 
suggested that ear which electrolyt- 
imbalance acquires increased vulnerabil- 
ity noise. such views are correct, noise- 
susceptibility must fluctuate the ear with 
variable hearing loss the end-organ vari- 
ety. Moreover, one might also expect that 
sub-clinical changes inner 
would produce temporary differences 
noise-susceptibility. Indirect evidence bear- 
the fact that fatigability and adaptation 
the normal human ear can modified 
drugs. and Ruedi!? found that 
vitamin increased tolerance for strong 
sounds. noted that adaptation, 
which feels protective mechanism 
reducing fatigability, was markedly changed 
parasympathicolytic and sympathicolytic 
drugs. 

Chance observations also support the view 
that noise-susceptibility may tempo- 
rary phenomenon. For example, experi- 
mental subject Northwestern University 
failed recover normally after moder- 
ately fatiguing sound exposure. proved 
have mild endolymphatic hydrops. An- 
other subject maintains heavy salycilate 
intake. shows excessive temporary fa- 
tigue and highly unstable threshold levels. 
One must, when observes cases with 
these peculiarities, conclude with Ruedi,'* 
who feels that proneness acoustic trauma 
affected general bodily health, that 
metabolic states within the inner ear prob- 
ably modify the resistance the auditory 
system intense sound. 

Such possibility has tremendous im- 
plications for industrial medicine because 
demands radical modification the 


procedures for dealing with noise-suscepti- 
bility. proneness insult varies 
with physical state, then one must discard 
the comfortable assumption that acoustic 
vulnerability stable condition whose 
discovery awaits our convenience. One must 
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question the philosophy which presumes 
catalogue 
definitively through single test. One must 
face the possibility that any worker 
might enter period acoustic vulner- 
ability result illness, modification 
physiological balance, increased age, medi- 
cation, generalized fatigue, dissipation. 
not precisely jest that one wonders 
whether proneness noise damage could 
properly labeled morning mal- 
ady.” 

terminating discussion this point, 
two statements must made. The first 
that intensive research needed deter- 
mine the degree which noise-susceptibil- 
ity industrial workers transient phe- 
nomenon. The second that, pending such 
research, industrial medicine must accommo- 
date its thinking and planning the pros- 
pect that the measures which institutes 
protect the noise-susceptible worker 
should type which allows continuing 
surveillance all who work environments 
intense sound. One challenge the ne- 
cessity evolve practical measures for 
achieving such surveillance. 


acoustic insult temporary per- 
manent state, there real necessity for 
definitive tests identify the condition. 

Industrial medicine currently forced 
expose workers noise first, and, due 
time, pick out those who suffer excessive 
changes hearing. This procedure really 
empirical hindsight. Its basic feature 
diagrammed Fig. the left the 
figure are five manikins. Each represents 
new employee. Imagine that the white- 
risk who should assigned the out- 
set quiet working situation. Since 
not identifiable the time employ- 
noisy work area. The noise-susceptible work- 
later found because his hearing be- 
gins damaged relatively quickly and 
severely. Once discovered, this worker 
may, course, placed quieter situa- 
tion. However, the damage already done may 
make him potential claimant for compen- 
sation. 

commonly proposed solution the 
present “wait-and-see” discover- 


Fig. 
Diagram illustrating the outcome unwittingly 
assigning noise-susceptible person, represented 
white-headed manikin, job noisy job 
area. (Prepared James Jerger) 


ONE YEAR 
LATER 


HEARING 


Fig. 
Diagram illustrating manner which effec- 
tive test for noise-susceptibility can facilitate 
protection the worker, represented the 
white-headed manikin, who prone acous- 
tic trauma. (Prepared James 


ing noise-susceptibility diagrammed 
Fig. The theory that each new worker 
the outset employment. The test locates 
the worker who the auditory risk, and 
can assigned quiet work area im- 
mediately. consequence, his hearing 
effectively conserved. 

Such solution greatly desired 
can made practical and demonstrably 
accurate. The initial problem, course, 
find fully valid test noise-suscepti- 
bility. Such test, has pointed 
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out, must completely dependable. must 
also simple and rapidly administered. 
Thus, the search for good test breaks 
down into two sub-problems. First, one must 
find auditory function which irrev- 
ocably bound some way 
ceptibility. Second, one must devise reli- 
able, quick, and uncomplicated method 
for measuring this function. 

Temporary threshold shift has been the 
most popular the several auditory phe- 
nomena which have been proposed indi- 
cators noise-susceptibility. The rationale 
here the assumption that ears which are 
easily damaged noise also show their 
weakness rapid extensive “fatigabil- 
Stated operationally, the belief that 
when such ears are exposed intense 
sounds limited duration, their transitory 
impairment acuity greater and their 
recovery slower than normal. 

Numerous have de- 
veloped procedures for measuring either 
the temporary threshold shift induced 
standardized noise the rapidity re- 
covery from this exposure. These investiga- 
tors have not agreed such details the 
frequency whose threshold shift 
measured, whether threshold should 
probed with continuous pulsing tone, 
what type sound should used the fa- 
tiguing stimulus, and what level this 
sound should presented the ear. More- 
over, some the proposed techniques have 
measured auditory adaptation, while others 
induce fatigue phenomenon proper. 
somewhat chaotic situation the inevitable 
result the lack agreement method- 
ology. 

however, research has yielded 
sufficient information that simple and 
rapid tests temporary threshold shift can 
devised. One such test, known the 
has been developed Northwestern 
University. The procedure the test 
easy. Each ear explored independently. 
The subject first finds his threshold for 
pulsed tone 4500 cps. then exposed 
for minute 3000 cps tone 100 
SPL, following which the pulsed tone re- 
turns stronger than the ori- 
ginal threshold. Simultaneously, two chron- 
ometers are started. The subject will again 
hear the pulsing tone soon has recov- 
ered within his original thresh- 
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RECOVERY TIME SECONDS 


7.5 


MEAN HEARING LOSS 
Fig. 
Results administering the CAFT test stu- 
dents entering course for jet mechan- 
ics. R-20 recovery within the pre- 
CAFT threshold for 4500 cps, while re- 
covery within db. Mean hearing loss the 
average for 3000 and 4000 cps. represents the 
audiometric deterioration, their pre-training 
hearing levels, exhibited the various students 
the termination their course. (345 ears) 


old. When this occurs, presses lever 
that stops one chronometer and reduces the 
pulsing signal db. The subject presses 
another lever when this fainter signal be- 
comes audible, thus stopping the second 
chronometer. The two chronometers record 
the time required return within and 
the original threshold, respectively. 
These two measures elapsed time give 
simplified representation the recovery 
curve for the ear under test. 

The CAFT test was administered 
incoming class Air Force school for 
jet mechanics. Recovery time, CAFT, 
was measured 345 ears prior their 
exposure jet engine noise. This exposure 
totaled hours. Audiograms were obtained 
before exposure and the end the train- 
ing course. Results, illustrated Fig. 
indicated that the men who retained slight 
losses, eight weeks after exposure tended 
have recovery times the pre-exposure 
CAFT test which were greater than were 
the recovery times for the ears with 
change. 

Such findings add confidence the belief 
that measurement temporary threshold 
shift holds promise key noise-sus- 
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ceptibility. However, definitive validational 
evidence must procured before this be- 
lief can accepted with any finality what- 
soever. 

second auditory function has been vig- 
orously advocated clue the identifi- 
cation noise-susceptibility. the phe- 
nomenon aural overload. explain, when 
the inner ear activated sinusoidal 
sound (pure tone), adds overtones within 
itself driven strongly enough 
produce distortion the signal. This dis- 
tortion signifies the occurrence aural ov- 
erload. may discovered introducing 
into the ear second tone which beats with 
the induced overtone. The subject then hears 
audible flutter. 

Lawrence and his associates have pio- 
neered developing the clinical procedure 
for determining aural overload. and 
have accumulated evidence show 
that inner ear pathologies are characterized 
the appearance the overload phe- 
nomenon intensities close the threshold 
audibility. and Blanchard’ have ex- 
pressed the view that the ear which over- 
loads early damages easily. Presumptively, 
such early overload should measurable 
the noise-susceptible ear with normal acu- 
ity. One must cautious, however, his 
optimism regarding the practicality the 
aural overload test. The judgment required 
the subject, namely, listening for faint 
flutter against background steady tone, 
relatively difficult make. doubtful 
whether the rank and file industrial work- 
ers can perform this judgment quickly 
enough and reliably enough allow rapid 
version the aural overload test em- 
ployed with satisfying success. Certainly, 
the experience Northwestern University 
has been that aural overload test fully 
usable clinical technique, but that even 
sophisticated listeners must sometimes 
substantial instruction before they are clear 
the judgment they must make. Unfor- 
tunately, errors which occur tend those 
which the overload not perceived 
faint level should be. Mistakes 
this type miss the very clue which, pre- 
sumably, indicates noise-susceptibility. 

further difficulty which one dare not 
take lightly the fact that extremely fine 
apparatus required for overload test. 
This true because distortion the equip- 
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ment can mistaken for distortion the 
subject’s ear. Not only must the equipment 
for overload testing exceptionally fine 
design and proved performance, but 
must also maintained meticulously. 

Brief mention should made third 
phenomenon which has been proposed 
criterion proneness noise damage. 
This phenomenon the cumulative shift 
auditory sensitivity induced successive 
auditory insult mild degree. The ration- 
ale here obvious one reasons from the 
presumption that the early damaged ear 
tends pile the effects successive 
insults more completely than does the sound- 
resistant ear. 

Most methods which aim measuring 
temporary threshold shift can adapted 
cumulative procedure. The CAFT test, 
for example, can administered the 
same ear three times quick succession, 
and the progressive elongation recovery 
time can taken the measure cumula- 
tive effect. Individual differences cumula- 
tive effect stand out sharply when this 
done. Here, then, modification the 
CAFT procedure which appears most use- 
ful. could well that this procedure, 
some other measure cumulative effects, 
would provide satisfactory combination 
validity and practicality the search 
for the noise-susceptible person. 

final point, one must remember that 
definitive relation between noise-suscepti- 
bility and any single auditory function has 
never been demonstrated. may that 
one the functions discussed this paper 
will prove have such relation when ex- 
plored with the proper methodology. 
the other hand, some other function may 
ultimately prove the indicator which 
being sought. The third possibility 
that facet hearing behavior 
timately enough associated with proneness 
auditory insult that can serve 
sure criterion such proneness. this 
last the case, course, the search for 
test noise-susceptibility futile. 

One thing certain even though can- 
not sure what the outcome will 
the present efforts find test for noise- 
susceptibility. Extensive research must 
continued industrial audiology un- 
derstand and cope fully with the problem 
isolating the noise-susceptible person. 
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N SUMMARY, the task of finding the noise-im Shipyard and Machine Factory Laborers. Acta Oto- 


susceptible worker complicated im- 
perfect knowledge regarding the nature and 
the relative incidence proneness acous- 
tic trauma. not clearly established 
what degree this susceptibility continu- 
ing predisposition and what degree 
transiently induced temporary meta- 
bolic biochemical states. Several test pro- 
cedures have been proposed tools for dis- 
covering workers with predisposition for 
noise-damage. Among these are the methods 
for measuring temporary threshold shift, 
threshold for aural overload, and reaction 
cumulative auditory stimulation. Final 
judgment each procedure must await 
field validation. 
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Dispersion Staining Microscopy 
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papers have been published 
the use dispersion staining mi- 
for the identification 
dusts. Detailed information concerning the 
optics this method have been described 
these previous publications. This paper 
concerned mainly with new investigations 
concerning equipment, high dispersion 
mounting media, sample collection and the 
possible use this technique for the ex- 
amination microincinerated specimens. 


Equipment 
condensers can used for dispersion 
staining microscopy. However, 
available equipment for the identification 
small particle size dust appears 
combination 20x (0.40 N.A.) objective 
with 0.59 N.A. achromatic condenser de- 
signed for use simple rack and pinion 
substage. The numerical aperture 0.59 
obtained removing the top element from 
1.40 N.A. achromatic condenser. This dif- 
ference (0.19) N.A. between condenser 
and objective gives strong identifying dis- 
persion colors. Weak dispersion colors are 
obtained when the difference numerical 
aperture considerably less consider- 
ably greater than 0.19. 

indicated previous publications, 
difficulty may encountered obtaining 
dark-field stop diameter for use 
below the 0.59 N.A. condenser. substi- 
tute, dime (approximately di- 
ameter) can used with fair results 
suitable support for the dime can ob- 
stop furnished for many years with new 
microscopes, that size stop can used 


support. The dime should centered the 
smaller stop and cemented place. must 
accurately centered the substage hold- 
er. This can accomplished trial and 
error more rapidly use telescope 
such furnished with phase microscopes 
for centering the image the substage 
annulus with the objective annulus. 

smaller stop not available, the dime 
stamped out lucite (thickness 1/16 inch) 
the lucite using black lacquer. the 0.59 
N.A. condenser not used for other 
purposes, the dark-field stop can painted 
directly the lower surface the con- 
denser. that location, some experimenta- 
tion would necessary order deter- 
mine the exact diameter giving the best 
results. 

the case particulate material less 
than one micron size there need for 
higher magnification than possible with the 
20x (0.40 N.A.) objective. reported 
previous publications, higher magnifications 
N.A.) objective combination with the 0.59 
N.A. condenser but the N.A. the objective 
must reduced insertion funnel 
stop. Use stop objectionable since 
must very accurately centered and 
length touch the back lens the ob- 
jective. Another objection the fact that 
use funnel stop reduces the N.A. the 
objective and thus its resolution. 

endeavor overcome this problem, 
4mm objective measuring 0.65 N.A. 
apertometer was used without funnel stop 
combination with 0.70 N.A. Abbe con- 
denser. Due the proximity numerical 
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aperture the objective and condenser, 
was necessary use dark-field stop 
diameter (largest size available) below 
the condenser. Even this size was not totally 
effective blocking out the central rays 
light which necessary for the identifica- 
tion dispersion colors small particle 
size material. Although this combination 
objective and condenser cannot recom- 
mended for use, the results this experi- 
mentation suggest that either conden- 
ser slightly higher N.A. could obtained 
objective slightly lower N.A., equip- 
ment would available for the identifica- 
tion smaller particle size than 
with the 20x (0.40 N.A.) objective. 


High Dispersion Mounting Media 
with dispersion staining depends 
not only correct numerical aperture 
difference between objective and condenser 
but also the use mounting media 
greater dispersion than the sample. gen- 
eral, organic index liquids commonly em- 
ployed have steeper dispersion curves than 
the particulate material examined. High 
index liquids are usually high dispersion 
giving brilliant dispersion colors. However, 
many particulate materials encountered, 
such tridymite and cristobalite, are 
the low index range and the dispersion col- 
ors obtained with low index immersion 
liquids low dispersion such used for 
the Becke line method identification are 
times too weak coloration for accurate 
identification small particle size. The use 
cinnamic aldehyde with carbitol 
suggested previous publications gives 
strong dispersion colors the low index 
range due the high dispersion cinnamic 
aldehyde. Unfortunately, mixtures butyl 
carbitol with cinnamic aldehyde short 
time change index due the breakdown 
cinnamic aldehyde cinnamic acid. 

Due the instability cinnamic alde- 
hyde attempt was made find substi- 


tute. was found that ethyl cinnamate 


(Eastman Kodak Co.) having refractive 
index 1.557 and mean dispersion 
0.028 formed more stable mixture with 
butyl carbitol and was thus suitable for 
index range approximately 1.428 1.557. 
For range 1.557 1.625, ethyl cinna- 
mate can mixed with aroclor 1242 and 
from 1.625 1.655, aroclor with alpha- 
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bromonaphthalene. higher indices are 
necessary, alpha-bromonaphthalene can 
mixed with methylene iodide give indices 
approximately 1.73. Saturation the 
methylene iodide with sulfur will give 
maximum index 1.78+. Still higher in- 
dices index approximately 2.00 
are now possible result the investiga- 
tions Meyrowitz and using mix- 
tures sulfur, arsenic tribromide and ar- 
senic disulfide. 

During the investigation for high dis- 
persion substitute for cinnamic aldehyde, 
was noted that styrene (Eastman Kodak 
Co.) refractive index 1.543 1.544 had 
high dispersion. Styrene exposure 
light air will gradually polymerize but the 
Eastman Kodak product stabilized with tert- 
butyleatechol has maintained constant 
refractive index for over year. For accu- 
rate results, best check the dispersion 
colors obtained with the styrene used 
material known quartz. Although sty- 
rene not ideal for index mixtures with 
butyl carbitol due its higher vapor pres- 
sure, has proved definite value 
for the identification quartz, having the 
same refractive index the ordinary ray 
(1.544) this dust. Small size quartz parti- 
cles mounted styrene and oriented for the 
1.544 index observed with cap analyzer 
over the eyepiece the microscope appear 
primarily dark blue. the case large 
particle size trace red also 
ble. Particles oriented for the 1.553 index 
appear with large amount 
red entirely red dependent their parti- 
cle size. there objection the odor 
and possible toxicity the small amounts 
used for mounting preparations, the use 
styrene for the identification quartz 
preferable mixture carbitol and 
ethyl cinnamate since use refractometer 
for adjustment the refractive index 
not necessary. 

index liquid such styrene cannot 
found equal refractive index the 
dust question, possible use liquid 
slightly higher index. This technique 
the principle that the tempera- 
ture increases the index liquid decreas- 
es. For example, cinnamate has re- 
fractive index approximately 1.557 
25°C (77°F) which four the third 
decimal place higher than the extraordinary 
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ray (1.553) quartz. that temperature, 
quartz particles oriented for the ordinary 
ray (1.544) appear light blue, particles 
oriented for the extraordinary ray (1.553), 
dark blue. now the preparation placed 
hot stage and the temperature in- 
creased, will found that the tempera- 
ture rises, quartz particles change red 
coloration followed gradual transition 
orange, yellow and finally white the 
temperature further increased. Notation 
the temperature which certain color 
identification. 


Collection Sample 


LTHOUGH samples can collected for 

examination dispersion staining 
the usual methods such electric thermal 
precipitation and filtration methods includ- 
ing the use molecular filter, our ex- 
perience has been mainly the collection 
midget impingers alcohol. is, 
course, necessary collect long enough 
obtain adequate sample for micro- 
scopic examination. Since that length 
time may result evaporation the collect- 
ing liquid, usually necessary before 
total evaporation add additional liquid 
the impinger. When appreciable sample 
the liquid, sampling can discontinued. 
The collecting liquid poured from the 
impinger into small pyrex beaker 10-20 
capacity used micro-chemical anal- 
ysis and slowly evaporated dryness. Por- 
tions the dry dust can scraped from 
the bottom the beaker and examined 
the high dispersion liquids described above 
for the presence identifying dispersion 
colors. 

very important for optimum re- 
sults (maximum brilliance color) that 
the slide and coverglass clean ex- 
amined dark-field inspection. Cleaning 
slides and coverglasses with Bon Ami and 
wiping with lens paper usually gives good 
results. 

sometimes possible use the identi- 
fying liquid the collecting medium pro- 
viding the two constituents the index 
liquid are quite close vapor pressure. For 
example, the case dust counts taken 
foundry where determination the 
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mixture butyl carbitol with ethyl cin- 
namate adjusted index 1.542 1.544 
can used the collecting liquid place 
the usual distilled water alcohol. After 
making the dust count either bright-field 
phase using all glass hem- 
acytometer the counting chamber, the 
accessory equipment suggested above for 
examination dispersion staining can 
substituted. Using this equipment the same 
preparation can now examined for the 
quartz. usually desirable use 
index liquid adjusted index approx- 
imately 1.542 rather than 1.544. Using that 
index conjunction with cap analyzer 
placed over the eyepiece, brighter red 
color obtained the case particles 
quartz oriented for the 1.553 index (extra- 
ordinary ray quartz) which enhances 
their contrast the dark background. 


Microincineration 


WAS BELIEVED that dispersion staining 

using the dark-field microscope might 
some value for the examination micro- 
incinerated microtome sections. This belief 
was substantiated the fact that Einbrodt® 
using dispersion staining with the phase 
contrast microscope! and solid mounting 
medium index 1.553 was able distin- 
guish quartz from mica and kaolin lung 
dust isolated the formamide technique. 
try out this supposition, pieces sili- 
cotic lung preserved formaldehyde were 
obtained from Carborundum Company and 
microtome sections silicotic lung from 
Saranac Laboratory. The method micro- 
incineration used was similar that de- 
croincineration Methods for Demonstrating 
Mineral Elements Tissue,” Handbook 
Microscopical Technique Ruth McClung 
Jones. 

Following incineration the preparations 
were mounted under coverglass ei- 
ther styrene 1.542 mixture butyl 
carbitol with ethyl cinnamate. Particles 
which changed color from blue red 
the reverse the cap analyzer was rotated 
degrees were identified quartz. Parti- 
cles identified quartz were mainly 1-3 
microns size. 

Although the method very accurate for 
the positive identification quartz parti- 


cles tissue, difficulty was encountered 
seeing small particle size quartz color 
thick microincinerated sections especially 
when quartz particles were overlaid with 
ash high enough index appear white. 
Some improvement this difficulty should 
result, indicated this publication, 
microscope equipment higher magnifica- 
tion and resolution becomes available for 
dispersion staining microscopy. 
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Evaluation Potential Health Hazards 


Fumigation Shelled Corn with 
Mixture Carbon Disulfide and 
Carbon Tetrachloride 


HAROLD PAULUS, MORTON LIPPMANN, M.S., and ARTHUR COHEN, M.D. 
Occupational Health Program, Bureau State Services 
United States Public Health Service, Cincinnati 


PRESERVATION surplus agricultural 
products has resulted oc- 
cupational health hazards numerous 
workers. example the storage 
shelled corn purchased the Federal gov- 
ernment under its price support program, 
which included approximately 747 million 
bushels January 31, 1956. protect 
the corn from spoilage, -periodic inspections 
are made for evidence -of infestation 
grain pests, and the corn fumigated when 
such evidence found. the 1956 season, 
the fumigant most commonly used 
stored shelled corn was known Grain 
Fumigant #3, consisting carbon 
tetrachloride (CCl,), and 20% carbon di- 
sulfide volume. 

study the potential health hazards 
involved the fumigation shelled corn 
storage bins, and the subsequent in- 
spection the fumigated corn, was made 
the summer 1956 the Occupational 
Health Program, the request the 
Commodity Stabilization Service, U.S. De- 
partment Agriculture. The study was 
limited geographically the counties 
the southwestern part Ohio and, 
although this paper based the find- 
ings these counties, the results may 
reasonably projected the entire program, 
the operations are essentially similar. 

Throughout the corn belt the United 
States, there are approximately 4500 bin- 
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sites with average about bins 
per site. Ohio, where this study was 
conducted, there are approximately 5800 
bins located 123 bin-sites. For each 
county bin-site supervisor and crew are 
employed handle the day-to-day opera- 
tions accepting shelled corn from the 
farmers, filling the bins, periodically in- 
specting the corn, fumigating the grain 
when infested, and removing the stored 
corn for disposal. The bin-site personnel 
are encouraged seek the assistance 
full-time state crew the fumigating, 
and increasing number are resorting 
this assistance. Ohio, the state crew 
performed about 50% the fumigations 
during the 1956 season. 

steel aluminum bins feet diameter, 
and feet tall. Other types stor- 
age facilities include quonset huts, con- 
crete silos, and rectangular wooden build- 
ings. Bin-sites may have few bins, 
many several hundred bins, and 
three four quonset huts. 
cylindrical bin has capacity about 
3,500 bushels shelled corn and quonset 
hut, 25,000 bushels. 

fumigating corn storage bin 
man stands ladder the top the 
bin and sprays the grain with liquid fumi- 
gant through open hatch (Fig. 1). 
About gallons fumigant are sprayed 
into 18-foot bin, the rate three 
four and half gallons per minute. 
quonset hut, the fumigator walks the 
far end the building, and sprays 


Fig. 
Full-time fumigation crew work. Two pumps 
and metering equipment were permanently 
mounted truck. The truck moves along 
the row bins, which are fumigated turn, 
usually two time. This crew often fumigated 
such bins working day. 


retreats the door. spends about 
minutes one hour this procedure, and 
uses about 100 gallons fumigant. 

Full-face gas masks with organic vapor 
are available all fumigation 
crews. general, the men doing the fumi- 
gation wear the masks, but the men tending 
the pump and fumigant barrels not. 
The men are instructed leave the area 
they smell organic vapors through the 
mask, which might caused im- 
properly fitted mask exhausted 
defective canister. The canisters most often 
used are effective atmospheres contain- 
ing organic solvent vapor for 
period half hour this concentra- 
tion, equivalent time-concentration 
value. 

Members the bin-site crews have been 
instructed not enter fumigated bins for 
three days after the fumigation; there- 
after they enter, usually without mask, 
inspect for insect kill and rake the 
surface corn. 


Environmental Study 

STUDY was conducted with the full 
cooperation and assistance Commodity 

Stabilization Service employees the U.S. 


December, 1957 


Department Agriculture, including mem- 
bers the State Ohio Agricultural 
Stabilization and (ASC) 
Committee and staff, the different county 
ASC Committees and staffs, state fumiga- 
tion crew, county bin-site crews, and the 
district grain storage supervisors. 
Included the study were the State 
Ohio fumigation crew and certain county 
bin-site crews. The state crew, consisting 
four men, fumigated shelled corn full- 
time from approximately July through 
October. Their procedures were observed, 
and air samples fumigant vapors were 
taken six different bin-sites during the 
study. The operations bin-site crews 
while fumigating corn were studied five 
counties. Follow-up air sampling the 


Fig. 
Halide meter with by-pass adaptation attached. 
The air sampled was split between the organic 
vapor canister and the rotameter by-pass. 


vapor residue was done nine counties 
where the bin-site employees were poten- 
tially exposed solvent vapors while in- 
specting the corn after fumigation. 
FUMIGANT VAPOR DETERMINATIONS: Air 
analyses were made for CCl, and CS, only, 
since previously stated, the fumigant 
consisted essentially 80% CCl, and 20% 
CS, volume. CCl, was determined 
two techniques: (1) adsorption silica 
gel, with subsequent combustion the 
vapor and analysis Mohr’s 
and (2) the use the Davis Halide Meter. 
Seven samples were collected and analyzed 


346 
SSS 
» 
af ANN. 
7 
4 


Industrial Hygiene Quarterly 


LEGEND: 

OURING FUMIGATION 
CYLINORICAL 

FUMIGATION 


CYLINORICAL BIN. 


VAPOR CONC. 


DURING FUMIGATION 


NUMBER OF AIR SAMPLES 
@ 


0- 600 @0-1800 1800-6000 6000 
CONCENTRATION OF CS, VAPOR — PARTS PER MILLION PARTS OF AIR 


@- 2000 2000-6000 6000-20000 >2Q000 
INDICATED TOTAL VAPOR CONCENTRATION— PARTS PER MILLION PARTS OF AIR 


Fig. 
Carbon disulfide vapor concentrations taken 
during fumigation canister inlet crew mem- 
bers wearing gas masks. 


the former technique, while numerous 
readings were made with the halide meter. 
strument corresponds roughly 300 ppm 
for higher concentrations, home- 
made by-pass attachment was constructed 
(Fig. 2). This device splits the flow from 
the sampling probe into two streams, one 
passing unaffected through 
while the main stream passes through 
organic vapor gas mask canister. The two 
streams are then reunited and fed into 
the instrument. With this arrangement, 
the instrument could measure concentra- 
tions CCl, the air from 200 ap- 
proximately 60,000 ppm. 

Carbon disulfide vapor the air was 
determined colorimetrically using dieth- 
Concentrations about 300 ppm 
were sampled with midget fritted bubbler 
using the color reagent the collecting 
medium, and midget impinger pump 
the source suction.* Higher concentra- 
tions were sampled with 150-cc grab sample 
flasks, which were then injected with the 
color reagent means hypodermic 
syringe. 

The working population was classified 
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into three groups dictated the type 
exposure they received. These were: 

Spraying fumigant these men gen- 
erally wore masks. 

Tending fumigant pump and barrels 
masks were not generally worn this 
group. 

Inspecting corn after fumigation 
masks were not worn. 

Samples were taken for CCl, and CS, 
each the above operations, and, where 
possible, simultaneous samples were col- 
lected. Results analyses simultaneous 
samples indicated that the ratio CCl, 
CS. vapors averaged 2.5 during the fu- 
migation process. Since the readings 
the halide meter usually varied widely 
during fumigation, was difficult ex- 
press the CCl, concentrations except 
range values. For this reason 
concentration values alone are shown 
Figs. and and the discussion 
results. Indicated values CCl, using 
the 2.5 ratio are also shown. should 
understood that 100 ppm CS, de- 
termined present during fumigation, 
approximately 250 ppm CCl, also pres- 
ent. the other hand, the readings 
the halide meter were constant when tests 
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were made the bins after fumigation. 
These readings were made simultaneously 
with the collection the samples, and 
the results are shown Figs. and 
The first group CS, and CCl, vapor 
samples was taken ascertain whether 
the canisters were being depended upon 
for complete protection concentrations 
greater than their specified upper limit. 
All samples this group were taken dur- 
ing the fumigation bins, quonset huts, 
and other buildings, both the state and 
county crews. Fig. shows that five 
samples exceeded 6,000 ppm CS, which 
indicates total vapor concentration 
over 20,000 ppm for and This lat- 
ter value above the safe limit for the 
canister. The five excessive concentrations 
were found during the fumigation 18-foot 
cylindrical bins. this operation, espe- 
cially the absence strong breeze, 
heavy vapors tend displaced through 
the open hatch and roll down the side 
the bin, generally the path the fumi- 
gator. This vapor stream 
ciently concentrated impart cooling 
sensation parts the body which 
contacts. Since the canisters are generally 
worn the chest below the mask, air 
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usually drawn from the heaviest concen- 
trations. 

All the samples taken while corn was 
being fumigated quonset huts were be- 
low 2,500 ppm combined 
vapor concentration approximately 8,750 
ppm. This value well within the 
limit the canister, but, owing the 
length time required fumigate corn 
quonset hut min.-1 hr.), fresh 
canister should used one fumigator 
does the entire job. 

One member each fumigation crew 
spends most his time tending the pump, 
opening barrels, metering the fumigant, 
and other miscellaneous duties. Breath- 
ing zone samples for such crew members 
varied from 7,700 ppm CS., and 

The calculation weightéd exposures 
for these men rendered extremely dif- 
ficult the great variations both con- 
centrations and durations ‘of exposures. 
Concentrations are relatively low much 
the time, making the continuous wearing 
gas-masks unduly arduous require- 
ment. Severity exposures could ma- 
terially reduced the workmen could lo- 
cate the equipment upwind from the bin 
being fumigated. 
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The second group samples was col- 
lected during fumigation operations such 
those just discussed, where the men 
did not use respiratory protection. The 
results these breathing zone samples 
for CS, are shown Fig. Nineteen, 
45% the samples collected were 
above the threshold limit ppm. Like- 
wise, the halide meter readings indicated 
that the threshold limit ppm for CCl, 
was exceeded many sampling locations. 

The third group samples was taken 
determine the potential exposure the 
county bin-site employees who enter the 
bins make routine tests the corn 
fumigation. Figs. and represent 
time-concentration plots air samples 
CS, and CCl, taken during these inspection 
operations. Carbon disulfide concentrations 
the bins studied were below the thresh- 
old limit value five days after fumigation. 
the other hand concentrations CCl, 
near above the threshold value were 
found after seven days. The wide range 
residual concentrations both toxic 
vapors the different bins was probably 
due the relative tightness the bins, 
the amount air circulation 
and resulting dilution effected. 


Medical Study 


ARBON tetrachloride has long been rec- 

ognized hepatotoxin. More recently, 
has been reported that may also 
have toxic effects the 

series liver function tests was per- 
formed six workers September, 
the close the fumigation season, and 
repeated one month later, determine 
there had been any hepatic damage. 
These six workers included the four mem- 
bers the state fumigation crew and two 
members county bin-site crew who 
had previously received high exposures 
the fumigant vapors. Each man was also 
questioned about past illnesses, diet and 
alcohol intake. 

Blood samples were collected the field 
(Fig. 7), allowed clot, placed ice- 
cooled insulated box, and delivered the 
laboratory the same day. The following 
tests were performed: total blood protein; 
albumin; globulin; cholesterol and choles- 
terol esters; total, direct, and indirect 
bilirubin; cephalin 


Fig. 
Blood sample being taken the field from 
member fumigation crew. 


turbidity; phospholipids; and serum trans- 
aminase. 


Medical Findings 


results all laboratory tests fell 

within normal ranges, except the cho- 
lesterol which was above normal four 
individuals and the cholesterol-cholesterol 
ester ratio which was decreased one 
individual. unlikely that these are 
indicative any extensive damage the 
liver, since the other tests were normal; 
they may, however, related the CS, 
content the 


Recommendations 


recommendations made the 
partment Agriculture included: 

Fumigation should performed only 
well-trained and indoctrinated crews. 
Strict supervision should exercised 
all times. Seriousness high exposures 
the vapors the fumigant should 
continuously emphasized the crew mem- 
bers. 

medical program should in- 
stituted for all persons exposed fumigant 
vapors. Regularly scheduled medical and 
laboratory examinations should carried 
out: 

(a) before the start the fumigation 
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(b) any unexplained illness occurs 
while work; 

(c) the close the season. 

Medical and laboratory studies should 
especially designed detect renal, hepatic, 
and central nervous system injury. 

All fumigation crew members should 
provided with approved full-face gas- 
masks and organic vapor canisters. The 
mask should put and checked for 
leaks before fumigation starts, and should 
not removed until the crew member 
leaves the area high vapor concentra- 
tion. the odor solvent detected 
while wearing the mask, the crew member 
should leave the area immediately. The 
pump tenders need not use their respira- 
tors unless located downwind. 

Especially designed equipment should 
obtained permit the gas-mask can- 
ister worn the back the fumi- 
gator, rather than the chest. This will 
keep the canisters out the heaviest vapor 
concentration, and should increase their 
useful life. 

Full advantage should taken 
prevailing air movement locating fumi- 
gation equipment, reduce exposure 
the pump operator and other crew members. 

Fumigation should discontinued 
when adverse weather conditions (i.e., 
air movement) allow high vapor concentra- 
tions build the entire area. 

County bin-site crews should pro- 
vided with standard fumigation equipment 
including pump and spare parts, hose lines, 
and nozzle with cut-off valve, and given 
detailed instructions. 

The grain storage supervisors should 
have full responsibility their district 
for good fumigation practices including 
adherence safety measures, maintenance 
equipment, proper use and maintenance 
gas-mask, and use correct amount 
fumigant. The supervisors should also 
have the authority enforce safe fumi- 
gation practices. 

Following fumigation, the bins should 
not entered without mask until mini- 
mum seven days have passed. would 
advisable open the hatches doors 
the storage structures about half 
hour before they are entered. 

10. Workers should completely clothed 
prevent absorption the toxic fumigant 


December, 1957 


vapors through the skin. Special precau- 
tions should taken prevent skin con- 
tact with the liquid fumigant. 

11. Efforts should continued develop 
utilize fumigant which effective 
toward infestation control, but relatively 
nontoxic humans. 


Summary 
was made the Occupational 
Health Field Headquarters during the 
period July October, 1956, the poten- 
tial health hazards the fumigation 
shelled corn purchased and stored the 
Commodity Credit Corporation, U.S. De- 
partment Agriculture. Measurements 
carbon tetrachloride (CCl,) and carbon 
disulfide (CS.), constituents the fumi- 
gant, were made the various operations 
fumigation and subsequent corn inspec- 
tion. Medical studies liver function were 
carried out six the exposed workers. 
Fumigant concentrations the intake 
the gas-mask canisters worn the fu- 
migators were often found exceed the 
canister’s safe limit. The fumigation crew 
members, when not wearing masks, were 
exposed excessive amounts the toxic 
vapors intermittently. After fumigation, 
the relative tightness the storage bins 
influenced the concentration residual 
vapors. The concentration solvent vapors 
some bins fell within threshold limit 
values within one day, while others main- 
tained greater than threshold limit con- 
centrations after seven days. Liver function 
tests six men showed evidence 
acute chronic damage. 
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RIOR the advent the atomic era, 

there was little emphasis radiation 
protection from the public health stand- 
point. Relatively small numbers persons 
were exposed and radiation protection was 
generally considered primarily the 
responsibility the individual. Although 
the use x-rays was becoming more wide- 
spread, the potential dangers radiation 
exposure was not generally recognized. 


Recognition the Radiation Hazard 

RESEARCH studies conducted during 

and since World War the biological 
effects radiation exposure have pointed 
out the potential dangers from excessive ex- 
posure ionizing radiation the public and 
persons working with this form energy. 
result, state agencies responsible for 
public and occupational health now recog- 
nize that the control radiation exposure 
extension their long-standing re- 
sponsibilities control any life health 
hazard that exists the public occupa- 
tional environment. 

The fear that atomic research activities, 
such those conducted Brookhaven 
and Knolls Atomic Power Laboratory, 
would create serious hazard the en- 
vironment prompted several New York 
State agencies enter the field radia- 
tion protection. was not until 1952, how- 
ever, that both the New York State Health 
and Labor Departments began extensive 
studies the potential public and occupa- 
tional radiation hazards New York State 
and the State’s responsibilities this field. 


Regulation Radiation Exposure 
the first steps taken the Depart- 
ments Health and Labor was the 


development regulation control the 
operation shoe-fitting fluoroscopes. This 
regulation was promulgated part the 
State Sanitary Code and became effective 
July 1953. About the same time, both 
Departments appointed radiological health 
advisory committees study the entire 
problem and make recommendations for 
its control. Although these two committees 
worked more less independently, each 
arrived essentially the same conclusion; 
namely, that radiation control programs 
should conducted the respective de- 
partments and that regulations the 
form codes should promulgated. 
result, Chapter XVI the State Sani- 
tary Code, and Industrial Code Rule #38 
were adopted 1955. The objective 
both codes was control radiation hazards 
effectively without hampering technicologi- 
cal development the use ionizing radi- 
ation and nuclear energy. 


Jurisdictional Areas 
NEW YORK STATE, responsibility for 
health protection divided between two 
agencies. The Labor Department has re- 
sponsibility for occupational health and 
the Health Department for public health. 
Since often difficult define the ju- 
risdictional areas these two agencies 
these two broad fields, plans for the 
proposed activities each Department 
the radiological health program had 
closely coordinated avoid overlapping 
jurisdiction the controlling agencies 
and confusion among those subject 
under control. This was successfully 
complished the establishment close 
liaison between the departments, 
through the 
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Council and later through the Council 
the Use Nuclear Materials. 

general agreement was reached be- 
tween the Labor and Health Departments 
whereby the Health Department would con- 
cern itself with installations where ioniz- 
ing radiation purposely applied human 
beings the diagnostic and therapeutic 
use x-ray and radioisotopes, and with 
installations, such those that discharge 
radioactive wastes, where the use such 
radiation might hazardous the public. 
the other hand, the Labor Department 
would concern itself with those installa- 
tions where only occupational exposures 
occur. 

One the practical results this def- 
inition jurisdictional areas was the dis- 
closure that potential radiation hazards 
some installations were not covered 
present laws regulations. For instance, 
public utilities are routinely supervised 
the Public Service Commission. Generally, 
neither the Labor nor Health Departments 
has jurisdiction over industrial hygiene 
within utility. the other hand, there 
nothing the Public Service Commission 
rules that would give them jurisdiction 
over radiation hazards any power reac- 
tor. the case nuclear power reactors, 
the Health Department, under its broad pub- 
lic health prerogatives, does have power 
control radioactive wastes discharged the 
environment. 


Training Staff 

ITHIN each department, the necessity for 

carrying radiological health pro- 
gram and enforcing the respective codes 
has forced decisions regarding the recruit- 
ment and training personnel well 
the use certain professional skills. The 
skills needed conducting field investiga- 
tions and administering the programs 
were not available either department. 
Since personnel with radiological health 
training were critical demand, became 
necessary for the departments train 
their own personnel conduct activities 
this field. The magnitude this task 
can appreciated when stated that 
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the State Health Department’s activities 
are carried through field offices, each 
responsible for segment the State and 
each fully manned with professional per- 
sonnel consisting physicians, nurses, 
sanitary engineers and sanitarians. The 
Labor Department’s activities are carried 
out through smaller number field of- 
fices with larger staffs. 

The concept that public health personnel 
who are experienced dealing with en- 
vironmental hazards can acquaint them- 
selves adequately with the instrumentation, 
survey methods and control techniques 
radiation, has been shown adminis- 
tratively and technically feasible. Likewise, 
industrial hygienists who are experienced 
dealing with other hazards industry 
can acquaint themselves adequately with 
the radiation problem and with methods 
for its control. 

Training programs for the Health De- 
partment staff were initiated early 1955 
with the cooperation the radiological 
health training section the Sanitary En- 
gineering Center Cincinnati. This staff 
conducted number basic radiological 
health courses New York State. carry 
the training program farther, 
sonnel the Atomic Energy Project 
Rochester University conducted courses for 
state personnel survey methods and in- 
strumentation. planned that radiolog- 
ical health training will become part the 
routine in-service-training program now 
being carried for personnel the state 
departments. 


Registration Radiation Installations 

PROVISION Chapter XVI the State 

Sanitary Code and Industrial Code 
#38 that all radiation installations reg- 
istered identifying effectively the uses 
and users radiation New York State. 
Knowledge where and how much radia- 
tion used the basis for effective con- 
trol. the first year, well over 300 indus- 
trial installations were registered with the 
Labor Department and well over 2,000 in- 
stallations were registered with the Health 
Department. While there was some gen- 
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eral knowledge the sources and types 
radiation prior the effective date 
the codes, the precise number units, 
variety and amount radiation were not 
accurately recorded until registration was 
required. Knowledge the number and 
location and variety registered users 
provides practical basis for planning 
future programs and regulations. 

New York State, both the regula- 
tory agencies require registration rather 
than licensing. Licensing would entail 
unproductive administrative chore, where- 
registration requires only small ad- 
ministrative force and yields the same in- 
formation the licensing procedure. 
all cases, responsibility for registration 
placed the operator the installation 
rather than the suppliers manufactur- 
ers radiation producing equipment and 
radioactive materials. The assistance such 
suppliers and manufacturers most help- 
ful. most cases, they have given com- 
plete and continued support. Letters were 
sent most firms and individuals notify- 
ing them the existence the require- 
ment for registration and number 
follow letters have been sent out 
effort obtain complete registration. 
great amount follow work has been 
necessary, however, because not all opera- 
tors have been conscientious registering 
their installations. 


Cooperation Other Agencies 
COOPERATION non-governmental 
agencies, such the state dental, medi- 
cal, veterinary medicine and radiological 
societies, was solicited and obtained. Rep- 
resentatives these agencies served 
advisory committees study the problem 
and have supported the regulation ra- 
diation exposure. few the societies 
and organizations have appointed special 
committees radiological health assist 
the state program; others are handling 
these activities through existing health 


committees. The support these organ- 
izations has paid dividends. The organiza- 
tions became acquainted with the over-all 
problem and the objectives the program, 


and, therefore, could solicit the assistance 
their members supporting the pro- 
gram. significant that objection 
has been raised any these organiza- 
tions the adoption regulations and 
the administration program reduce 
radiation hazards. 

While the enactment codes has been 
motivating factor the provision 
many safeguards reduce radiation haz- 
ards, the educational program carried 
cooperation with various committees 
representing the professional societies, has 
also been quite productive. Formal con- 
ferences for radiation users sponsored 
the Labor Department and conducted 
Universities have played important part 
bringing about increasing awareness 
the objectives sought. Insofar prac- 
tical, education rather than policing 
achieve compliance with regulations be- 
ing utilized. Performance rather than spec- 
ificity being stressed. Users radiation 
now realize that all radiation exposures 
must kept low possible since each 
exposure burden that the race 
whole must carry. 


Administrative Problems 

ADOPTION codes has pointed 

some problems which were recognized 
even before the codes were promulgated. 
While the solution these problems may 
not come for years, practical compromise 
solution being accelerated the 
fact that codes must enforced. Major 
questions still answered are: 

What constitutes adequate survey 
appraisal radiation hazard? Both 
existing codes require that surveys made 
ards are relatively easy evaluate while 
others are quite difficult. Committees have 
been appointed work this problem. 

Who qualified carry out survey? 
present, there legal body pass 
upon the qualifications health physicists 
other persons who may competent. 
After many conferences with educators, 
physicists and others, evident that 
some certifying qualifying procedure 
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must developed within the next few 
years. 

Until recently, authority was desig- 
nated any law establish minimum 
qualifications this type. However, during 
the 1957 session the Legislature, the 
Public Health Law was amended allow 
the New York State Public Health Council 
establish such minimum requirements 
and certify qualifications radiation 
survey officers. Within the next year, the 
Health Department proposes recommend 
minimum standards the Public Health 
Council. 

What types records should main- 
tained? From practical standpoint, little 
progress has been made developing stan- 
dard methods recording radiation ex- 
posure. The maintenance meaningful, 
cumulative medical data individual’s 
exposure internal and external sources 
radiation particularly difficult one. 
Such data become even more important 
light the recent recommendations 
the National Committee Radiation Pro- 
tection relating the cumulative dose 
radiation workers and the environmental 
exposure the public. 

How can the effectiveness radiolog- 
ical health programs evaluated? While 
great deal known about the biological 
effects radiation, difficult es- 
tablish the cause and effect relationship 
particularly since damage the individual 
the public may not appear until long 
after injury sustained. Then too, ra- 
diation injury may manifest itself the 
form diseases injuries which are 
similar identical diseases injuries 
sustained from other agents which are 
presently considered diseases asso- 
ciated with old age. 

The frequency severity radiation 
accidents might one criterion that could 
used evaluate program this 
type but this, even best, only partial 
solution. There are accurate complete 
records with which make comparison. 
Both New York State codes require the 
reporting accidents and over-exposure, 
but quite probable that these occur 
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with greater frequency than has been in- 
dicated the reporting during the past 
one and one-half years that the codes have 
been effect. all, only two accidents and 
over-exposure have been reported. 


Research and Special Studies 
NUMBER special studies have been 
made are being conducted the 
departments New York State. These 
include: hazards associated with shoe-fit- 
ting fluoroscopes; hazards associated with 
the veterinary use x-rays; congenital 
malformation rates and their relation 
normal radiation background; measure- 
ments background radiation levels 
public water supplies and major streams 
and daily fallout determinations. order 
carry out these special investigations and 
the routine program, large number 
survey and laboratory instruments had 
purchased and laboratory space pro- 
vided. Laboratory space posed particular 
problem since the facilities the Health 
Department laboratories were already crit- 
ically over-loaded. Plans are now being 
made for the construction additional 
permanent facilities. Meanwhile, temporary 
facilities are being constructed house 
the radiochemistry and calibration labora- 
tories. 


Summary 

ADOPTION codes New York State 

have provided tool expedite the 
reduction radiation hazards. They serve 
well for compiling factual data which 
plans for protective programs can based. 
They have pointed out the problems still 
faced. The control radiation haz- 
ards has not imposed any hardship in- 
dustry, the medical profession, other 
users radiation. The practicability 
adopting codes which set standards for 
performance and only minor specifications 
for the control radiation has been val- 
idated actual experience New York 
State. great deal remains done 
but the first steps which have been taken 
have been intelligent, non-restrictive and 
practical. 


4. 
| 


EVALUATION THE 


Carbon Monoxide Hazard from Indoor 


Use Propane-Fueled Fork Lift Trucks 


DAVID HALL, FRANKLIN MILLER 


EDWARD RILEY, M.D. and RICHARD SCHERBERGER 


RECENT years, the industrial use all 

types fork lift trucks has greatly in- 
creased. Since these trucks are often driven 
into boxcars, trailers, and confined ware- 
house areas where ventilation, any, 
poor, potential carbon monoxide hazard 
results. For example, have measured 
carbon monoxide concentrations high 
400 PPM when lift truck was used 
stack pallets inside warehouse and have 
found 1000 PPM during boxcar unload- 
ing. each these cases, the trucks used 
were fueled gasoline. 


Generation Carbon Monoxide 
Internal Combustion Motors 


generation carbon monoxide 

gas one the inherent weaknesses 
gasoline engine fuel. Being 
liquid, gasoline must vaporized before 
will burn. Since mixture chem- 
ical compounds rather than single com- 
pound, has extended boiling range. 
Usually begins boil about 100° 
gine were designed that the fuel could 
preheated enough vaporize the heavy 
ends gasoline before was introduced 
the combustion chamber, the light ends 
would vaporized and expanded such 
extent that only small amount fuel 
would fit into the cylinder and weak ex- 
plosion would occur. the gasoline not 
heated enough vaporize the heavy ends, 
they tend settle out the fuel-air mix- 
ture carried through the intake mani- 
fold. This results rich mixture especial- 
idling speeds when the flow rate 
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through the manifold relatively low. The 
term, rich mixture, indicates that the fuel- 
air mixture relatively rich gasoline 
and lean air. When this mixture burns, 
the air all used but the fuel not 
competely burned. The 
therefore, contain appreciable amounts 
carbon monoxide and aldehydes. 


Methods Reducing Carbon 
Monoxide Hazard 
ARBON monoxide concentrations within 
industrial buildings can reduced 
using electric fork lift trucks, general ven- 
tilation, local exhaust, catalytic units, 
substituting propane for gasoline. 

Electric fork lift trucks. trucks 
are 100% effective eliminating the car- 
bon monoxide problem and are preferred 
insurance companies either gasoline 
propane fueled vehicles. disadvantage 
has been their higher initial cost and de- 
creased power low speeds. 

General ventilation. reduce carbon 
monoxide concentrations dilution with 
fresh air often impractical; for example, 
carbon monoxide problem cold stor- 
age warehouses where gasoline-fueled fork 
lift trucks are used. eliminate the prob- 
lem general ventilation would very 
costly since would necessary ex- 
haust air which had cost money cool 
and bring warm fresh air which would 
have cooled down the temperature 
the warehouse. Other typical working 
areas such the interior boxcars and 
trailers are also difficult ventilate. 

Local exhaust. There are some locations 
where local exhaust applicable. can 
used garages and vehicle mainte- 
nance shops where the cars and trucks must 
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occasionally have their 
while being tuned. Since the vehicles are 
stationary, local ventilation means 
flexible ducts built-in floor ducts can 
very effective. would difficult im- 
agine any type local exhaust which could 
effectively applied moving fork lift 
truck. 

Catalytic units. catalytic exhaust 
unit, the carbon monoxide laden exhaust 
stream mixed with fresh air and passed 
over heated catalyst where the gas 
burned carbon dioxide. have made 
special study these units and not 
feel qualified evaluate their performance. 

Propane gas. While the use propane 
fuel for fork lift truck engines does 
not completely eliminate the carbon mon- 
oxide hazard, does have several advan- 
tages over gasoline. One leading fork lift 
truck manufacturer now devotes 80% 
his output propane powered units 
compared 20% year ago. 

Liquified petroleum gas commonly ab- 
breviated L.P.G. and mixture 
gaseous petroleum compounds. The com- 
mercial product sold under the name 
propane, and the composition usually runs 
about 95% propane and butane, with 
trace quantities ethane, ethylene, propy- 
lene, butylene, and isopentane. Propane 
gas ordinary temperatures and pres- 
sures. can mix completely and uniform- 
with the air the carburetor and burn 
almost completely the engine carbon 
dioxide and water. Propane has octane 
rating 125. Therefore, needs 
tetraethyl lead and produces lead bro- 
mide* the exhaust gases. Although pro- 
pane has only 80% the heat equivalent 
gasoline, quite common get the 
same mileage from propane from gaso- 
line because propane burned more effi- 
ciently the engine. 

far the carbon monoxide hazard 
concerned, propane-fueled trucks offer 
compromise between gasoline-fueled and 
electric-powered trucks. well-tuned pro- 
pane-burning engine should discharge less 
than 0.1% carbon monoxide the ex- 
haust outlet compared with 1.5% 
the exhaust gas from gasoline- 

*To avoid lead oxide depositing on the cylinder walls 


a compound such as ethylene dibromide may be added 
to gasoline. 
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fueled engine and from en- 


gine not properly tuned more common 
case). 


Comparison Carbon Monoxide Levels 
from Gasoline and Propane Units 


OBTAIN fair comparison carbon 
monoxide concentrations prevalent dur- 
ing the use gasoline and propane-fueled 
trucks, field test was conducted. Two 
comparable model fork trucks (Towmotor 
Model 35, 2000 lbs) were used, similar 
all respects except that one burned gaso- 
line and the other propane. The gasoline- 
fueled engine had had new spark plugs in- 
stalled and was carefully tuned prior 
the test. The propane unit had not been 
tuned since installation the conversion 
unit about year prior the test but was 
considered good working order. 

The work situation was the unloading 
two exactly similar trailers each contain- 
ing baled cellulose acetate and having ca- 
pacity about 1800 cubic feet. The trail- 
ers were unloaded the same day ad- 
jacent bays large warehouse. 

Nose level carbon monoxide concentra- 
tions were measured five-minute inter- 
vals throughout the unloading period. Fig. 
shows graphically the results this test. 
During the use the propane-fueled ve- 
hicle, carbon monoxide concentrations never 
exceeded PPM (with average 
PPM) whereas carbon monoxide issuing 
from the gasoline-fueled engine almost im- 
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Fig. 
comparison carbon monoxide concentra- 
tions accompanying the use gasoline and 
propane fueled fork lift trucks during identical 
work situations. 
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mediately reached concentration 
PPM and remained over prolonged period 
300 PPM with the average level being 
162 PPM. 

Another hazardous condition developed 
during the unloading boxcars containing 
bulk sulfur. This was extremely de- 
manding task and certainly placed maxi- 
mum stress both machine and operator. 
front-scoop truck was 
used. When this vehicle worked the 
dead ends the boxcars, carbon monoxide 
concentrations reached 1000 PPM and aver- 
aged 360 PPM. propane conversion unit 
was installed but the initial installation 
failed when the converter froze up. This 
resulted from poor circulation hot water 
from the radiator through the converter. 
Installing water pump solved the problem 
and has permitted the continued use 
this vehicle for sulfur unloading. Since this 
conversion, the carbon monoxide concen- 
trations within the boxcars have never ex- 
ceeded 150 PPM and will normally average 
about 

Other plant tests have confirmed the abil- 
ity well-designed and properly installed 
conversion unit reduce the carbon mon- 
oxide hazard. 


Example Propane Conversion Unit 

RUCKS now fueled gasoline can 

readily converted propane: this of- 
fers way decrease the hazard from the 
many gasoline-fueled fork lift trucks which 
are now use and could not economical- 
replaced. the case small engines, 
such used fork lift trucks, the gas 
tank and fuel lines are removed and are 
replaced propane cylinder and pres- 
sure reducer. The propane fed into the 
regular gasoline carburetor the venturi 
drilling hole the carburetor and 
brazing the fuel line. Fig. sche- 
matic drawing system approved 
insurance companies. The features which 
are considered important with re- 
gard safety are included this drawing 
and should carefully noted. 

The propane cylinder (1), which easily 
removed the quick disconnect coupling 
(2), has manual shutoff valve (3) and 
built-in excess flow valve (4). the 
fuel line (5) broken, this valve auto- 


matically closes and prevents the contents 
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propane fuel conversion system approved 
insurance carriers for installation fork 
lift trucks. 


the cylinder from discharging the 
atmosphere. The quick-disconnect valve has 
spring-loaded shutoffs which close soon 
the valve disconnected that fuel 
can leak out the tank the line. 

Flexible hose used bring the pro- 
pane the engine because with- 
stand the vibration and flexing better than 
any other kind fuel line. 

The pressure switch (6) connected 
red light the dashboard and warns 
the operator when the liquid propane 
used and only vapor remains the 
system. This gives him few minutes 
get back the fueling station where 
can exchange cylinders without carrying 
them hand. 

The solenoid valve (7) shuts off the fuel 
supply until the ignition switch (8) 
turned on. The electrical circuit for this 
valve connected series with oil 
pressure switch (9). the engine should 
left running while unattended and should 
stall, the oil pressure would drop, thus 
closing the solenoid valve even though the 
ignition still turned on. 

pressure relief valve (10) the line 
between the manual shutoff and the solenoid 
relieves the pressure which would build 
these two valves were closed and the 
vehicle parked warm place. 
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The fuel filter (11) removes any par- 
ticles scale that might damage the valves 
the converter. 

The converter (12) contains two-stage 
pressure reducer which changes the pro- 
pane from liquid under 150 psi pressure 
gas atmospheric pressure. The heat 
required for this expansion and evapora- 
tion supplied water (13) from the 
radiator circulated through coil the 
converter. Most engines have water pump 
that furnishes driving force circulate 
the water. few smaller engines that 
not have water pump but depend 
the difference specific gravity hot and 
cold water furnish the driving force, 
essential locate the converter midway 
between the top and bottom the radiator 
and keep the water lines short and 
straight possible. 

Propane drawn from the converter 
through adjusting block and into the en- 
gine the vacuum caused the pistons 
going down the cylinders. the ab- 
sence this vacuum, vapor released 
from the second stage the converter. 
electric primer button, located the dash, 
actuates the valve leading from the second 
stage release vapors when the engine 
started. There are two lines going from the 
adjusting block the engine. One (14) 
used primarily for idling. connected di- 
rectly the intake manifold (17). The 
other line (15) spudded into the car- 
buretor (18) that the outlet the 
center the throat the venturi. 
important have these two separate lines 
with needle valve each order 
achieve maximal combustion the fuel 
under all operating conditions. the fuel 
system has only one line from the conver- 
ter the engine, cannot adjusted 
give perfect combustion mixture under 
both idling and full power conditions. 
the engine idles properly, will lack pep 
under full load. Usually such engines are 
adjusted give good performance full 
and, consequently, the idling mixture 
too rich. result, the fuel does not 


*Odorant “. . . shall be . . . 1.0 pounds of ethy] 
mercaptan, 1.0 pounds of thiophane or 1.4 pounds of 
amyl! mereaptan per 10,000 gallons of LP Gas.” National 
Board of Fire Underwriters, Standards for the Storage 
and Handling of Liquified Petroleum Gases, NBFU No. 
58 (as recommended by the National Fire Protection 
Association), June, 1966, page 5. 
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burn completely when the engine idling. 
The odorant which has been added the 
propane can detected the exhaust 
gases and helps indicate when the con- 
centration carbon monoxide too high*. 


Safety Considerations for Propane-Fueled 
Motors 


TANKS, valves, flexible hoses and other 

devices employed the propane fuel 
system are ruggedly built. The pressure 
relief valves, excess flow valves, solenoid 
shutoff, oil pressure switch, and the pres- 
sure controlled valves the converter have 
been carefully designed and give real 
measure protection. 

Under some circumstances, high carbon 
monoxide levels can develop even when pro- 
pane used. This was illustrated re- 
cent report the AMA Archives Indus- 
trial Health which described incident 
involving three propane-fueled trucks op- 
erated cold storage plant. One operator 
collapsed while working the area. Car- 
bon monoxide concentrations were found 
400 PPM the day following the ex- 
posure.! Apparently this accident occurred 
very poorly ventilated area (tempera- 
tures were kept -10° and resulted 
from day-to-day buildup carbon mon- 
oxide. Oxygen deficiency should also con- 
sidered possibility. The incident em- 
hasizes that exhaust gases from propane- 
fueled engines are not entirely free 
carbon monoxide and trucks burning pro- 
pane cannot -be safely used for prolonged 
periods confined, unventilated areas. 

Probably the one remaining possibility 
danger the fact that slow leak from 
unattended machine over period 
time can cause dangerous amounts 
explosive gas accumulate. Propane 
heavier than air. Explosive mixtures may 
accumulate low spots needing only 
spark ignited. recent explosion 
Illinois was caused propane drifting 
175 feet down slope out-of-doors into 
cellar window where was ignited 
pilot The leak was hose which 
had valve each end. The operator, 
having neglected shut off the valve lead- 
ing the hose, had ignored one the 
safety devices that was installed the 
truck and had allowed slow leak occur 
over long period time. 
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Precautions Observed 
Bulletin No. the National 

Board Fire Underwriters (as recom- 
mended the National Fire Protection 
Association) describes precautions ob- 
served when storing and handling Liqui- 
fied Petroleum Gases. These procedures 
are aimed minimizing the very real ex- 
plosion hazard which can associated with 
the mishandling propane. 

Factory Mutual Bulletin No. 7-46 warns 
that the use LP-Gas trucks should 
limited ordinary hazard occupancies. 
This same bulletin advises that when pro- 
pane-equipped fork lift trucks are 
left unattended overnight the cylinders 
are changed indoors, the manual shutoff 
valve the supply cylinder should 
closed, the motor should kept running 
until the fuel bled out the lines and 
then the ignition key turned off. The cylin- 
der should then removed from the truck 
and put safe storage area such out- 
of-doors room with mechanical 
ventilation from the floor level and isolated 
from the rest the building firewall. 
The outdoor storage should not near 
cellar window. 


Summary 


the use fork lift trucks 

inside industrial buildings with regard 
health hazards leads the following 
conclusions: 

Electric trucks are preferred 
whenever their use practical. 

our experience, well-adjusted pro- 
pane-fueled truck can used for many 
operations where trucks fueled gasoline 
have proved hazardous. 

Fork lift trucks now fueled gas- 
oline can readily converted the use 
propane. Our experience indicates that 
when done properly this practical and 
safe procedure. Satisfactory conversion kits 
are now the market. 

Any internal combustion engine ca- 
pable generating dangerous concentra- 
tions carbon monoxide and their use 
poorly ventilated areas should carefully 
considered. 
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AAAS Meeting 


ANNUAL meeting the American Association for the Advancement 

Science will held December 26-31, 1957, Indianapolis. The AMERICAN 
INDUSTRIAL HYGIENE ASSOCIATION cosponsoring symposium several sessions 
under Section M—Engineering. The general title Man’s Environ- 
ment.” Papers concerning the physical effects man light, temperature, 
sound and air will included. Two the speakers are DR. CHARLES WILLIAMS, 
Boston, President the American Industrial Hygiene Association and CHARLES 
YAFFE, Cincinnati, member AIHA Board Directors. 


Method Presentation Data 


HEALTH HAZARDS AND PRECAUTIONS FOR 


Biochemical Research Department 


SOME TIME, has been recognized 
Industrial Hygienists and Toxicologists 
that there need for clearer expression 
the character and degree hazard as- 
sociated with particular chemical 
particular type industrial operation. 
project with this objective, regarding ma- 
terials pertinent its processing and devel- 
opment, has been operation within The 
Dow Chemical Company for approximately 
two years. Usefulness for the distributed 
information has been demonstrated suf- 
ficiently warrant its presentation this 
time. 


Steps Taken 


BRIEF, endeavor has been made 

place specific information practical 
nature the hands all supervisory per- 
sonnel concerned with safe handling pre- 
cautions necessary for the protection 
workmen. The accomplishment this aim 
has been divided into three phases: (1) 
translation toxicological data obtained 
animals into description probable 
effect upon human beings; (2) definition 
the nature and extent health hazard 
presented given material various 
types industrial exposures ranging from 
hand operations operations remote con- 
trol; and (3) description precautionary 
measures and protective devices necessary 
reduce the hazard encountered such 
specific situations acceptable level. 

The manner which such conclusions 
are reached may described best 
explanation the form which the data 
are being distributed. was believed that 


Presented at the Eighteenth Annual Meeting of the 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION, 
1957, at St. Louis. 


April 24, 


The Dow Chemical Company, Midland, Michigan 


SAFE HANDLING MATERIALS 


single sheet, front and back, could used 
describe each substance (see sample 
form pages 362 and 363). 


The “Properties” 


Physical and Chemical 


identification material requires 

that certain appropriate physical and 
chemical attributes described, including, 
for example, chemical name and synonyms, 
molecular formula, structure and such char- 
acteristics boiling point, flash point and 
physical state. Corrosiveness intended 
refer effect upon common metals. Chemi- 
cal reactivity noted for those materials 
dangerously so; whereas, stability refers 
the effects heat, light and changes. 


Toxic Classification 


CLASSIFICATION toxic properties 

usually based upon the results ob- 
servations experimental animals. Yet, 
the presentation useful industrial 
supervisory personnel, must given 
terms probable effects upon human sub- 
jects. The ease and accuracy such pre- 
dictions are influenced number 
factors other than the animal data, although 
laboratory methodology with background 
proven applicability the evaluation 
human responses prime importance 
this regard. the final analysis, the ex- 
perienced toxicologist must exercise his own 
best judgment for interpretation proba- 
ble effects upon human subjects. Having 
done this, the next problem one pre- 
senting his interpretation words under- 
stood the layman. 

The classification toxic properties 
divided contact” with each cate- 
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gory further broken down into distinct 
groupings according the potential sev- 
erity effects. detailed account the 
testing procedures employed the Dow 
Toxicology Laboratory not appropriate 
this time. However, believed that 
some reference these procedures neces- 
sary order illustrate the statements 
toxic properties. Further, should em- 
phasized that the groupings under each 
type contact (eye, skin, inhalation, in- 
gestion) have been made broad enough 
practical basis and yet close enough 
minimize the number problems presented 
“borderline” situations. 


Eye Contact 


THE FYE irritation tests, for example, 

six response are used 
characterize the effects observed when ma- 
terials are placed the rabbit eye. For the 
Data Sheet, only three classes were believed 
needed for liquids and solids. fourth 
included for describing serious effects from 
materials the vapor state. 


Skin Contact 


OBSERVATIONS resulting from single 

and repeated application materials 
the rabbit skin also the laboratory are 
graded six different levels. For the pur- 
pose evaluating probable human response, 
however, four classes have proven satisfac- 
tory the Data Sheet. addition the 
evaluation such factors duration 
contact and frequency and type skin re- 
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sponse, systemic effects resulting from ab- 
sorption through the skin are considered. 

Thus, material may classified the 
second category because “repeated 
longed cause appreciable irri- 
tation” whereas, another material may 
into the higher category (No. only be- 
cause the possibility “systemic injury, 
even death” from single prolonged fre- 
quently repeated short contacts. The fourth 
category reserved for those materials 
which rapidly cause severe burns serious 
systemic injury (within seconds min- 
utes) following initial contact. 


Inhalation 


data are seldom available concern- 

ing effects exposure the dust 
mist materials. The problem sufficient, 
however, warrant estimate. There are 
four categories listed this section. Irri- 
tation the respiratory passages 
important consideration. The evaluation 
possible systemic injury accomplished 
through calculations based upon the degree 
acute and repeated oral toxicity. 

classify the toxic properties chem- 
ical vapor, five categories have been used. 
case the only available information the 
result the exposure animals “satu- 
rated” atmospheres, system has been de- 
vised accomplish such interpretation. 
However, data which include the response 
animals known vapor concentrations 
the material are preferred. This classifi- 
cation presented Table has proven 


TABLE 


CLASSIFICATION TOXIC PROPERTIES FOR 


Concentration 


Tolerated 
Repeatedly Minimal' 
Class PPM >0.5 hour 


>1,000 >1,000- 
10,000 
II >50 >300- 
1,000 1,000 
Ill >10-50 >50-300 
IV >1-10 >10-50 


less less 


INHALATION VAPOR-ANIMALS 


Single Exposures in PPM Having 
Effects Serious? 
<0.5 hour >0.5 hour 


Effects 
<0.5 hour 


>100,000 >100,000 >100,000 
>1,000- >1,000-— >10,000— 
100,000 100,000 100,000 
>300 >300— >1,000— 
1,000 1,000 10,000 
>50-300 >50-300 >300- 
1,000 

50 or 50 or 300 or 


less less 


less 


‘Minimal: May be very slight anesthesia (drowsiness) and/or some slight, transient irritation and pain to the 


eyes and/or some slight systemic effects not believed t» be lasting or of a serious nature. 
*Serious: Appreciable anesthesia and/or systemic injury, including death, and/or serious irritation or pain to 


eyes or respiratory passages. 
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useful guide translating such data into than” “greater than” 0.5 hour, and 

terms probable effects human subjects. Whether the effects are minimal serious 

The intensity exposure tolerated repeat- (See footnote Table 

edly (seven eight hours daily; five days 

week) important consideration Ingestion 

the over-all vapor toxicity evaluation. TYPE contact usually not serious 
Critical points useful the classification problem industrial handling materi- 

materials the basis parts per mil- als. important, however, recognize 

lion the vapor the atmospheres materials which may classed 

breathed appear the effects “less “highly toxic” either acute chronic 


BIOCHEMICAL RESEARCH DEPARTMENT 
THE DOW CHEMICAL COMPANY 
MIDLAND MICHIGAN 


DATA SHEET PROPERTIES, HEALTH HAZARDS, AND PRECAUTIONS 
FOR SAFE HANDLING MATERIALS 


MOLECULAR FORMULA | CHEMICAL NAME 


MOLECULAR WEIGHT | INDUSTRIAL HYGIENE STANDARD | SYNONYMS 


STRUCTURAL FORMULA - OR COMPOSITION 


| BOILING POINT EXPLOSIVE LimiTS | FLASH POINT IGNITION TEMP. | MEL TING POINT VAPOR PRESSURE mm Hg 25°C ° 
malig. | °F. | 
es PHYSICAL STATE 
CHEMICAL REACTIVITY ODOR (include Concentration In Air) 
STABILITY (Teo pH Chenge, Heot, Light) 


TYPE OF CONTACT CLASSIFICATION OF TOXIC PROPERTIES 


| May cause no response of no more than very slight to slight [~) May cause some permanent loss of vision (this includes damage 
transitory pain and ‘or isritation of the eve lids. to cornea of internal injury which is incompletely healed in one 
week.) 
| EYE 
} [ May cause sufficient injury to the eye to result in loss of time {| Vapor exposure may cause severe pain, lacrymation or serious 
| from work. (This includes damage to the cornea which heals or | 4 impury to the eyes. 
| nearly heals un week and or considerable conjunctival suritation 
Single prolonged exposure (hours) causes no effect. Several re- Single short exposure (minutes) may cause considerable irritation 
peated prolonged exposures may or may not cause the develop- | and/or single prolonged or frequently repeated short exposures 
—. ment of some slight irritation. + cause a burn and/or may cause systemic injury, even death. 
} | ingle prolonged exposure may cause some reddening of the skin. [~~, An exposure rapidly causes severe burns and/or serious systemic 
j i Repeated prolonged contacts may cause appreciable irritation, L injury, even death. 
| possibly a mild burn and/or may cause appreciable systemic 
3 | injury due co absorption. 
4 j No systemic injury expected. No irritation to nose and Dusty or misty atmosphere painful to nose and throat (intolerable 
o | throat in dusty of misty atmospheres. L_] co most people) and/or exposure may cause serious systemic 
Z | mist | Throat and nose irritation in a dusty of misty atmosphere is [ | ~Short exposure (minutes) may cause death of serious systemic 
2 painful but not intolerable and/or prolonged of repeated ex- injury. 


posures may Cause systemic injury. 


Exposures may cause extreme drowsiness, and/or serious 
- } systemic injusy, and/or may cause intolerable irritation to the 
respiratory passages. 


Exposwes do not cause any effects other than some very slight [ ] 
iffitation of pain to the eyes or respitatory passages at the most. 


INHALATION 


Short exposures may cause uncoaciousness, and/or serious 


Single exposures exceeding 1/2 hour, of frequently repeated ex- [ F 
systemic injury, including death. 


_ posures of shorter duration, may cause slight anesthesia and/or 
slight systemic injury, and/or cause appreciable, but not ia- 
tolerable, isritation of respiratory passages. 


f Even very short exposure will cause serious systemic injury 
LJ death. 


{ | Amounts which may be swallowed incidental to industrial haad - C] Amounts which may be swallowed incidental to industrial 


ling will oct cause injury. However, if substantial quantities baadling aad use may couse serious iajury. 
should be swallowed, more o: less serious effects may occu. . 


COMMENTS 


| 
VAPOR 
|| 
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ingestion, identify those materials 
which may present problem should the Degrees Exposure Related 


hands, face, food, tobacco become con- Types Operation 
taminated. guide classifying most 


substances, acute survival dosage for TYPES industrial jobs have arbitrar- 
experimental animals 0.1 g/kg “safe” ily been divided into four categories based 
dietary level 100 ppm have been used the likelihood contact believed 
rough approximation for dividing those exist the methods operation listed 
materials presenting appreciable hazard the examples. brief, the conditions are 
from those which not. visualized somewhat follows: 


a PRECAUTIONS (SEE CODE BELOW) 
DEGREES OF EXPOSURE RELATED TO TYPES OF OPERATION INHALATION* 


INGES- 
OUSTOR | vapor TION 
mist 
1 NO CONTACT Characterized by remote operation with equipment isolated from the work area. The persons enter- 
ing isolated areas will require the personal protection outlined for IV below. 
MINOR Characterized by closed systems with equipment vented outside the work area; instrument control; 
" CONTACT mechanical handling of materials in bulk. Examples are: continuous reactors, stills and filters; 
enclosed conveyors; ventilated packaging. 


uw OCCASIONAL Characterized by manual handling of materials in packages such as bags,drums and fiberpaks. 
DAILY CUNTACTS Ventilation may be provided for specific jobs. Many batch operations fall into this category. 


No eye protection needed. D Use chemical workers goggles. 


EYE CONTACT B Use safety glasses without side shields. 


Use gas tight goggles or a full face gas mask. 
C Use safety glasses with side shields. 


A bath and clean clothes once per week along with the usual washing 


a Clothing should be changed and skin washed promptly upon any detectable 
ae at mealtimes should be adequate precautions. D contact. Each use will require special consideration to determine suit- 
mie Grossly contaminated clothing and shoes must be removed not later able protective devices and standards of personal cleanliness. 
CONTACT 6 than the end of the work period and must be thoroughly cleaned 
before re-use. Impervious clothing such as rubber boots, rubber aprons, and rubber 
c Require shower at the end of the work period and clean clothing from E coe Specific icems will be dictated as cequiced 


the skin out at the start of each work day. 


Any exposure to obviously dusty atmospheres will require a dust respi- 
A No respiratory protection. D rator bearing the approval of the U. S. Bureau of Mines for use with 
toxic dusts. 


No protection required for exposure of thirty min. duration or less to 

obviously dusty atmospheres. Exposures of longer duration will re- € Any exposure to dusty atmospheres will require the use of an airline 
quire the use of a dust respirator bearing che approval of the U. S. respirator, blower mask, or Chemoz mask. 

Bureau of Mines for the use with toxic dusts. 


No precautions necessary for single exposures of no more than ten minutes. 
No precautions neces: C Longer exposures either single ot repeated, will require gas mask or 
respirator equipped with appropriate canister. 


INHALATION 


No precautions necessary for single exposures of less than 1/2 hour. zi 
B Longer single exposures, of frequently repeated exposures will O Gas mask with appropriate canister required at all times. 
tequite a gas mask of respitator equipped with appropriate canister. 


e Evacuate area at once and enter only with airline respirator, blower 
mask ot Chemos mask. 


Food and tobacco should not be present ia the work area. Haads and 


INGESTION face should be washed before smoking and eating. 


A No unusual procedures required. € 


COMMENTS **GOOD PRACTICE REQUIRES THAT “SUITABLE GAS MASK CANISTER 
GROSS AMOUNTS OF ANY CHEMICAL 
BE REMOVED FROM THE SKIN AS 
SOON AS IS PRACTICAL 


SIGNED CHECKED 


DATE 


GROSS CONTACT Characterized by hand operation. Examples are: Emergency repairs, cleaning equipment, cleaning _ Geer - 
hd fileers, taking care of spills, packaging volatile or dusty materials without ventilation, wheeling 
LIKELY and tray drying. 
OR 
MIST 
8 
= 
= 
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Gross Contact Likely 


CONDITIONS characterized normally 

“hand” operations where materials may 
handled throughout the work period 
large open containers without forced venti- 
lation. Situations that exist making emer- 
gency repairs confined spaces and 
taking care spills are included this 
category. 
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Occasional Daily Contacts 


may “gross,” but occur only 

for short intervals occasionally through- 
out the work period. Ventilation may 
provided for specific jobs. The potential 
severity hazard will less than Gross 
Contact Likely because the opportunities 
for contact will less frequent and 
shorter duration. 


RESEARCH DEPARTMENT 
THE DOW CHEMICAL COMPANY 


MIDLAND MICHIGAN 


DATA SHEET PROPERTIES, HEALTH HAZARDS, AND PRECAUTIONS 
FOR SAFE HANDLING MATERIALS 


MOLECULAR FORMULA 


MOLECULAR WEIGHT 


STRUCTURAL FORMULA - 


oa 
zu 
oo 
az 
= 


TOXIC PROPERTIES 


BOILING POINT 
its alloys unless inhibited(chlorothene) 


CHEMICAL REACTIVITY 


Relativel 


formed 


INGESTION 


INHALATION 


INDUSTRIAL HYGIENE STANDARD SYNONYMS 
500 ppm 


OR COMPOSITION 


EXPLOSIVE LimiTs 
BY VOL. IN AIR! 


CHEMICAL NAME 


1,1,1-Trichloroethane 


inactive. 


STABILITY (To pli Chenge, Heot, Light) 


standing 


FLASH POINT MELTING POINT 
PHYSICAL STATE 


Liquid 


ODOR (include Concentration in Ale) 


Methyl Chloroform 


VAPOR PRESSURE =m He 25°C 


Approx. 130 


COLOR 
Clear 


Chloroform-like 


CLASSIFICATION TOXIC PROPERTIES 


May Cause no response or 00 more than very slight to slight 
transitory pain and/or irritation of the eyelids. 


May cause sufficient injury to the eye to result in loss of time 
from work. (This includes damage to the cornea which heals or 
nearly heals in a week and/or considerable conjunctival irritation 


Single prolonged exposure (hours) causes a0 effect. Several re- 
peated prolonged exposures may of may not cause the develop 
meat of some slight irritation. 


Single prolonged exposure may cause some reddening of the skin. 
Repeated prolonged contacts may cause appreciable irritation, 
/or may cause 


systemic 
injury due co absorption. 


No systemic injury expected. No irritation to nose and 
throat in dusty or misty atmospheres. 


Throat and nose irritation in a dusty or misty atmosphere is 
painful but aot intolerable and/or prolonged ot repeated ex- 
posures may Cause systemic injury. 


Exposures do act cause any effects other than some very slight 
isritation of pain to the eyes of respiratory passages at the most. 


Single exposures exceeding 1/2 hour, or frequently repeated ex- 
posures of shorter duration, may cause slight anesthesia 
slight systemic injury, 


May cause some loss of vision (this includes damage 
to cornea of internal injury which is incompletely healed in one 
week.) 


Vapor exposure may cause severe pain, lacrymation of serious 
injury to the eyes. 


Single short exposure (minutes) may cause considerable irritation 
and/or single prolonged or frequently repeated short exposures 
cause a bura and/or may cause systemic injury, even deach. 


An exposure rapidly causes severe burns and/or serious systemic 
injury, even death. 


Dusty or misty atmosphere painful co nose and throat (intolerable 
to most people) and/or exposure may cause serious systemic 
injury. 


Short exposure (minutes) may cause death or serious systemic 
injury. 


Exposures may cause extreme drowsiness, and/or serious 
systemic injury, and/or may cause intolerable irritation to the 
respiratory passages. 


Short exposures may cause uacoaciousoess, and/or serious 
systemic iojury, includiag death. 


Even very short exposure will cause serious systemic injury 


or death. 


Amounts which may be swallowed incidemal to industrial haed - 
ling will occ cause injury. However, if substantial quantities 
should be swallowed, mere o: lesa serious effects may occu. 


Amouns which may be swallowed incidental to industrial 
bendliag and vee may cause serious injury. 


DUST 
COMMENTS 
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Minor Contact Precautionary Measures 
characterized closed sys- 


tems vented outside the work area. established the above categories, 
Personnel work around the equipment precautionary measures appropriate 
the immediate vicinity. Obvious opportu- likelihood contact may outlined 
nity for contact will not evident placing the proper letters the spaces 


provided. 
Contact developing this method presenting 


characterized remote and industrial hygiene infor- 
tion with equipment isolated from the mation, was believed that correlation 
area occupied working personnel. between the entries appearing under Toxic 


PRECAUTIONS (SEE CODE BELOW) 


INHALATION* INGES- 


OUST OR TION 
VAPOR 


1 NO CONTACT Characterized by remote operation with equipment isolated from the work area. The persons enter- 
ing isolated areas will require the personal protection outlined for IV below. A A A 
MINOR Characterized by closed systems with equipment vented outside the work area; instrument control; 
" CONTACT mechanical handling of materials in bulk. Examples are: continuous reactors, stills and filters; 
enclosed conveyors; ventilated packaging. A A 
1m OCCASIONAL Characterized by manual handling of materials in packages such as bags, drums and fiberpaks. 
DAILY CUNTACTS Ventilation may be provided for specific jobs. Many batch operations fall into this category. A A A 
Characterized by hand operation. Examples are: Emergency repairs, cleaning equipment, cleaning 
Vv — pooper taking care of spills, packaging volatile or dusty materials without ventilation, wheeling A 
tray drying. 
A No eye protection needed. D Use chemical workers goggles. 


EYE CONTACT B Use safety glasses without side shields. 
C Use safety glasses with side shields. 


DEGREES OF EXPOSURE RELATED TO TYPES OF OPERATION : 
EVES SKIN 


E Use gas tight goggles or « full face gas mask. 


a A bath and clean clothes once per week along with the usual washing 


Clothing should be changed and skin washed promptly 
SKINe* at mealtimes should be adequate precautions. Each use will require special consideration 
Grossly contaminated clothing and shoes must be removed not later able protective devices and standards of personal cleanliness. 
CONTACT 8 than the end of the work period and must be thoroughly cleaned 
before re-use. Impervious clothing such as rubber boots, rubber aprons, and rubber 


Require shower at the end of the work period and clean clothing from e pens will be required. Specific items will be dictated as required 
show y circumstance. 
the skin out at the start of each work day. 


Any exposure to obviously dusty atmospheres will require a dust respi- 
A No respiratory protection. D ator bearing the approval of the U. S. Bureau of Mines for use with 
toxic dusts. 


No protection required for exposure of thirty mio. duration of less to : 
obviously dusty atmospheres. Exposures of longer duration will re- € Any exposure to dusty atmospheres will require the use of an airline 
8 quire the use of a dust respirator bearing the approval of the U. S. tespitator, blower mask, or Chemo mask. 
Bureau of Mines for the use with toxic dusts. 
No precautions necessary for single exposures of no more than ten minutes. 
No precautions acces: C Longer exposures either single or repeated, will require gas mask or 
P — respirator equipped with appropriate canister. 


INHALATION 


No precautions aecessary for single exposures of less than 1/2 hour. P 
Longer single expocures, o: (requeatly repeated ¢ * D Gas mask with appropriate canister required at all times. 


require @ gas mask of respirator equipped with appropriate canister. 


Evacuate area at oace and enter oaly with airline respirator, blower 
mask oc Chemoz mask. 


Food aad tobacco saould not be present in the work area. Hands and 
face should be washed before smoking and eating. 


INGESTION 


A No unusual procedures required. € 


COMMENTS **GOOD PRACTICE REQUIRES THAT GAS MASK CANISTER 
REMOVED FROM THE 
SOON PRACTICAL Organic vapor 
SIGNED McCollister 


CHECKED Hoyle 
10-11-55 10-13-55 


OR 
MIST 
VAPOR 
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TABLE II. 
BROMINE 


Precautions 


Degrees of Exposure Inhalation 
Related to Types Dust or Inges- 
of Operation Eyes Skin Mist Vapor tion 
I No Contact A A A A 
II Minor Centact Cc D Cc A 
lII Occasional Daily 

IV Gross Contact 


Properties the front side with Precau- 
tions the reverse would aid maintain- 
ing consistency evaluating large 
number materials. 

Thus, the description corresponding 
the letters which appear the boxes 
opposite Gross Contact Likely usually will 
those relating directly the description 
toxic properties the same relative 
position the front the form. 

For example, under Eye Contact, item 
(use safety glasses with side shields) 
recommended for those materials which 
are classified cause sufficient in- 
jury the eye result loss time 
from work.” 

The precautionary statements and sugges- 
tions for personal protective requirements 
are those which have become more less 
routine operations within The Dow 
Chemical Company. Consideration has been 
given the standards personal cleanli- 
ness that may necessary minimize 
hazard each specific and 
the use suitable protective devices such 
eye glasses goggles, gas masks im- 
pervious clothing. 

After the precautions have been indicated 
for eyes, skin, inhalation and ingestion 
the lines provided across from Gross Contact 
Likely, the precautions may modified 
vertically each column stepwise according 
type operation (see example, 1,1,1- 

For material which may present much 
greater hazard than 1,1,1-trichloroethane, 
typical tabulation given Table II. 
takes but glance the “Precautions” 
tabulation obtain over-all impression 
the relative hazard that may encount- 
ered handling particular material 
given manner. 
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Practical Use Supervisory 
Personnel 


Category Operation 


THE COMPILATION information appearing 

this “Data Sheet” has been intended 
primarily for use the technically trained 
supervisor. The first decision made 
such individual which the four 
categories operation describes his pro- 
posed utilization the material question. 
Once this decision made, notes the 
precautions and personal protective require- 
ments indicated the letters the appro- 
priate boxes. 


Modification Hazard 


HAZARD resulting from any proposed 

use material can modified 
equipment operational changes which 
tend reduce the likelihood contact. 
Thus, the first manner use proposed for 
material requires safety measures de- 
vices under the circumstances objectionable 
the supervisor and his men, may wish 
plan his operation that will fall into 
more suitable category. Conversely, may 
also possible for the supervisor plan 
simpler engineering design than originally 
intended chooses reduce the likeli- 
hood contact the use suitable per- 
sonal protective devices. 

first thought, the use personal pro- 
tective devices always attractive since 
offers something that can done once 
without great monetary expense. However, 
experience indicates that most protective 
devices are uncomfortable wear and, 
therefore, are acceptable workmen only 
emergency basis. There also the 
possibility that protective devices will not 
worn correctly that malfunction will 
occur with serious consequences. the 
other hand, requirements unusual stan- 
dards personal cleanliness usually are 
more acceptable workmen. 


Summary and Conclusions 


METHOD has been outlined for the pre- 

sentation properties, health hazards 
and precautions for safe handling materi- 
als. attempt satisfy need not 
only for convenient and practical means 
for describing the toxic properties ma- 
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terials but also for way interpret these 
properties terms the hazard resulting 
from their use specific 

practice within The Dow Chemical 
Company, the Data Sheet has proven flexible 
and adaptable. The more extensive the toxi- 
cological data the more confidence placed 
the classification toxic properties. How- 
ever, using good judgment the experienced 
toxicologist can interpret so-called 
data, data from other laboratories, 
data from the literature. Then, consider- 
ing relevant physical and chemical proper- 
ties may arrive appropriate classifi- 
cation toxic properties. 

The compilation has been designed pri- 
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technically trained supervisor charge 
industrial operations. the knowledge 
the authors, this first attempt pro- 
vide such individual with description 
health hazards terms types oper- 
ating procedures and corresponding pre- 
cautionary measures and requirements for 
personal protection. 

the Industrial Hygienist, has 
proven particularly beneficial when deal- 
ing with the individual who insists upon 
considering definition toxic prop- 
erties synonymous with description 
the absolute hazard presented ma- 
terial regardless the circumstance use. 


Chicago 
first meeting the 1957-1958 year 
was held September 11. LLOYD GORDON 
discussed industrial hygiene activities 
the Zurich-American Insurance Companies. 

the October 2nd meeting, HAROLD 
HOYLE the Dow Chemical Company spoke 
“Control Health Hazards Which May 
Result From the Use Chlorinated Sol- 
vents.” MR. HOYLE used slides his inter- 
esting and informative presentation. 

RALPH. WOIDA, Superintendent 
Building Maintenance, Allis-Chalmers Man- 
ufacturing Company, spoke 
Sanitation Practices Industry” the 
meeting November MR. WOIDA empha- 
sized the assistance given their indus- 
trial hygiene division evaluating main- 
tenance products from the health and safety 
standpoint. 

Several members attended the Annual 
Merit Awards Dinner the Chicago Tech- 
nical Societies Council held November 
the Furniture Club. The Chicago Section 
AIHA member the Council. 


Northern California 
48th meeting the Northern Cali- 
fornia section was held September 24. 
BENJAMIN LINSKY, Control Officer the 
Bay Area Pollution Control District, spoke 


“The Role the Industrial Hygienist 
Air Pollution Control Work.” empha- 
sized the need for hygienists and air pol- 
lution control personnel work together 
that eliminating hazardous condi- 
tion within the plant pollution problem 
not created outside the plant. 

the meeting November HERBERT 
STOKINGER, Ph. D., Toxicologist, 
Public Health Service, gave interesting 
discussion the subject, “Early Indicators 
Response Toxic Agents.” 


Southern California 


SODERHOLM, Sales Engineer, Ameri- 

can Air-Filter Co., Inc., was the speaker 
the September meeting. His subject 
was “Clean Air For the Atomic Energy 
Commission.” 

The Southern California section partici- 
pated the First Annual Western Occupa- 
tional Health Conference held the Bilt- 
more Hotel, Los Angeles, October and 
luncheon meeting the Northern and 
Southern California Sections, and the Amer- 
ican Conference Governmental Indus- 
trial Hygienists was held October 

the meeting November 14, MERS- 
KOETTER the Mine Safety Appliances 
Company spoke “Recent Advances 
Personnel Respiratory Protection.” 


Hygienic Standards 

RECOMMENDED MAXIMUM ATMOSPHER- 
vapor per million parts air volume 

(1) Basis for Recommendation: Hu- 
man experience and animal ex- 

SEVERITY HAZARDS: 

(1) Health: Moderate for acute and 
chronic exposures. Inhalation 
very high concentrations produces 
central nervous system depres- 
sion and optic nerve damage. Re- 
covery slow and delayed death 
may occur. These more serious 
effects and deaths following in- 
halation are reported chiefly 
the older literature. Lower con- 
centrations may cause headache, 
dizziness, weakness fatigue, 
gastrointestinal visual disturb- 
ances. Many deaths permanent 
eye damage have been reported 
from ingestion. Amounts the 
neighborhood 3-4 ounces may 
through the skin. 

(2) Fire: High. Explosive limits are 
6.0 36.5% volume. Ignition 
temperature 470°C. Flash 
point (closed cup) 12°C (54°F). 

SHORT EXPOSURE TOLERANCE: Dogs ex- 
posed 10,000 ppm repeatedly for brief 
periods developed the 
basis experimental human exposures, 
has been calculated that repeated eight- 
hour exposure 3,000 ppm will lead in- 
creasing methanol concentrations the 
Workers with repeated short expo- 
sures 400 500 ppm and for shorter 
periods hour less) 1,000 2,000 
ppm have not shown detectable 

ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS LIFE: Delayed deaths 
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METHYL ALCOHOL (Methanol) 


following narcosis from acute exposures 
animals various species occur con- 
centrations from 30,000 100,000 
Exposure humans for part working 


day 40,000 ppm may cause delayed 


Significant Properties 
clear, colorless liquid with faint odor 
similar ethyl alcohol. 
Chemical formula: 
Molecular weight: 
Specific gravity: 0.792 20°C/4°C 
Boiling point: 64.7°C 
Relative vapor 
density: 
25° and 
760 Hg, 
ppm vapor: 0.001309 mg/liter 
mg/liter 
vapor: 


764 ppm 
water, alcohols, 
ketones, esters and 
halogenated hydro- 
carbons. 


Industrial Hygiene Practice 
RECOGNITION: 

(1) Odor and irritation occur only 
high concentrations. Odor 
faint 2,000 ppm. 

(2) Has wide use solvent, es- 
pecially the paint and varnish, 
dye manufacturing, printing, pho- 
tographic, and plastics industries. 
Spirit duplicating fluids may 
some antifreezes. 

EVALUATION EXPOSURES: 

(1) Chemical: Collect distilled wa- 
ter, oxidize with permanganate 
and develop color with Schiff’s 
reagent chromotropic 

RECOMMENDED CONTROL PROCEDURES: 


f 
H 
\ 
| 
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Maintain workroom atmospheric concentra- 
tions below 200 ppm adequate ventila- 
tion, temperature control enclosure. Be- 
cause lack warning properties, routine 
air analyses are advisable wherever large 
quantities are handled, confined spaces. 
Substitution other less toxic alcohols 
may indicated some cases. Skin ex- 
posure should avoided. Control ventila- 
tion usually necessary any small work 
area, or, lieu this, adequate personal 
respiratory protection. 


IV. Specific Procedures 


FIRST AID: Remove from exposure, 
wash the affected skin areas, irrigate eyes 
with water. Keep patient quiet, institute 
artificial respiration breathing has ceased, 
obtain medical aid promptly. 

SPECIAL MEDICAL PROCEDURES: Per- 
sons with pre-existing central nervous sys- 
tem disease significantly decreased vis- 
ual acuity should not allowed work 
where hazard major acute exposure 
exists where there can substantial 
repeated exposures. Medical treatment 
acute overexposure should consist sup- 
portive therapy. Direct alkali treatment 


acidosis indicated such exists. There 
some evidence that the simultaneous inges- 
tion ethyl alcohol slows down the oxida- 
tion methanol formic acid point 
where the hazard from the latter substance 
becomes Methyl alcohol blood 
urine can measured method Strat- 
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PHENOL 


Hygienic Standards 


RECOMMENDED MAXIMUM ATMOSPHER- 
vapor per million parts air, volume 
(ppm).! 

(1) Basis for Recommendation: An- 
imal studies and human experi- 
ence. 

SEVERITY HAZARDS: 

(1) Health: Moderate for chronic. 
Moderate severe for acute ex- 
posure. Ingestion phenol 
cresol will induce intense burning 
mouth and throat, followed 
marked abdominal pain and dis- 
tress. Cyanosis, muscular weak- 
ness, tremors and convulsions 
followed collapse may occur 
few minutes after the material 
swallowed. Local contact with 
the skin and mucous membranes 
will induce gangrene and corro- 
sion the exposure sufficiently 


severe. All the systemic effects 
listed under “ingestion” may 
induced the skin area exposed 
large, the phenol solution 
concentrated one, and the period 
exposure more than minute 
two. doubtful whether 
chronic poisoning from inhalation 
occurs any extent industry. 
Acute vapor exposures may cause 
symptoms the same type 
seen following acute exposures 
the skin. Severe dermatitis 
may occur from even dilute. solu- 
tions. 

(2) Fire: Moderate. 
(closed cup) 80° (175° F). 

SHORT EXPOSURE TOLERANCE: See above 
for skin exposure. 

ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS LIFE: Not known. 
Inhalation vapor concentrations 26-52 
ppm guinea pigs caused distress and 


| 


illness after successive periods ex- 
posure hrs/day) accompanied post- 
mortem evidence acute toxicity lung, 
heart, liver, and Rabbits, and par- 
ticularly, rats, were less sensitive in- 
jury. 


Significant Properties 


white solid with characteristic odor. 
Chemical formula: 
Molecular weight: 


Specific gravity: 
Melting point: 
Boiling point: 182° 
Vapor pressure: 100 
Relative vapor 
density: 
25° and 
760 Hg, 
ppm vapor: .0038 mg/liter 
mg/liter: 260 ppm 
Solubility Partly soluble wa- 


ter. Miscible with al- 
cohol and most or- 
ganic solvents. 


Industrial Hygiene Practice 
RECOGNITION: its characteristic 
odor. Major uses are the chemical, drug, 
and plastics industries. 
EVALUATION EXPOSURE: 
(1) Instrumentation: None available. 
(2) Chemical Method: Absorption 
dilute alkali, followed colori- 
metric determination with diaz- 
otized p-nitroaniline reagent,® 
absorption spectrograde alco- 
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hol with direct determination 
ultraviolet spectrophotometry. 

RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmospheres below 
ppm process enclosure and/or ventila- 
tion. Avoid skin contact. 


IV. Specific Procedures 


FIRST AID: Remove from contaminated 
area. skin eyes are affected, wash with 
water; skin area large, remove clothes 
promptly under shower. oral poisoning, 
quickly induce vomiting individual 

SPECIFIC MEDICAL PROCEDURES: Treat- 
ment largely symptomatic. vomiting 
has not been effectively induced oral 
poisonings, gastric lavage should used. 
Individuals with evidence liver kidney 
disease with known skin sensitivities 
phenol should not assigned expo- 
sure. Determination free and conjugated 
phenol the blood and urine may 
some use estimating exposure.? 

NOTE: Dr. William Deichmann (Uni- 
versity Miami) assisted the Hygienic 
Guides Committee the preparation 
this Guide. 


Literature References 


1. American Conference of Governmental Industrial 
Hygienists: AMA Arch. of Ind. Health, 16:261, 1957. 

2. DEICHMANN, W. B.: Arch. of Biochem., 3:345, 1944. 

DEICHMANN, WILLIAM B., al: Am. Clin. Path., 
14:273, 1944. 

4. DEICHMANN, WILLIAM B., and WITHERUP, S.: J. 
Pharm. Exp. Ther., 80:233, 1944. 

5. DEICHMANN, WILLIAM B., et al: 
Ther., 105:265, 1952. 

6. ELKINS, H. B.: The Chemistry of Industrial Toxi- 
cology. John B. Wiley and Sons, Inc., New York, 1950. 


J. Pharm. Exp. 


TOLUENE 2,4 DIISOCYANATE 
(Tolylene 2,4 diisocyanate, 


Hygienic Standards 

RECOMMENDED MAXIMUM ATMOSPHER- 
CONCENTRATION hours): 0.1 parts 
vapor per million parts air volume 

(1) Basis for Recommendation: An- 
imal and indus- 
trial experience.® 

SEVERITY HAZARDS: 

(1) Health: for 
acute and chronic vapor expo- 
sures. Low oral toxicity. Primary 


irritant gastrointestinal tract, 
eyes, skin and respiratory tract. 
Repeated exposure may produce 
asthma like Skin 
sensitization animals has been 

Fire: Not known, but probably 
low. 

SHORT EXPOSURE TOLERANCE: 


(2) 


Not 


known. irritating the nose and throat 
0.5 ppm. 
ATMOSPHERIC CONCENTRATION IMME- 


== 
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DIATELY HAZARDOUS LIFE: 600 ppm for 
six hours lethal 


Significant Properties 


Toluene 2,4 diisocyanate prepared, 
water white liquid which turns straw- 
colored 

Chemical formula: 

Molecular weight: 174 


Specific gravity: 1.21 28°C 
Relative vapor 

Boiling point: 250°C 


760 
Approx. 
80°C? 
0.4 ppm 
(50% 


Vapor pressure: 
Odor threshold: 


25° and 

760 Hg, 

ppm vapor: 0.00712 mg/liter 

mg/liter 
vapor: 


140.5 ppm 
acetone, ethy! ace- 
tate, carbon tetra- 
chloride, kerosene, 
toluene 
benzene. 


Industrial Hygiene Practice 

RECOGNITION: its odor and irri- 
tant effects. Used the manufacture 
polyurethane foams, coatings, and castings. 
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EVALUATION EXPOSURES: 

(1) Chemical: Colorimetric determi- 
nation after collection sodium 
nitrite, ethylene glycol mono- 
ethyl ether, and determination 
the method Mar- 

RECOMMENDED CONTROL PROCEDURES: 
Enclosure processes with adequate ven- 
tilation. spray and inadequately venti- 
lated applications, personal respiratory pro- 
tection may necessary. 


IV. Specific Procedures 


FIRST AID: Removal from environment 
following vapor irritation. Following liquid 
contamination, wash all 
oughly. 

SPECIAL MEDICAL PROCEDURES: Pre- 
placement examinations prevent expo- 
sure employees with chronic respiratory 
illnesses and respiratory allergies. 
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ETHYL BENZENE (Phenylethane) 


Hygienic Standards 

RECOMMENDED MAXIMUM ATMOSPHER- 
vapor per million parts air (ppm).! 

(1) Basis for Recommendation: Hu- 
man and animal 

SEVERITY HAZARDS: 

(1) Health: Moderate for both acute 
and chronic exposure. Absorption 
chiefly inhalation. Eye irri- 
tation begins with most humans 
about 200 ppm. High concen- 
trations produce 
rymation, nasal irritation and 
narcosis.2 considered the 
most severe skin irritant the 
benzene does not have 
the deleterious effect the blood 


injury from its industrial use has 
been recorded. Chronic vapor in- 
halation studies, using various 
animal species, have shown 
effects, other than slight increases 
liver and kidney weights 
rats, using seven-hour daily ex- 
posures 400 ppm for six 

(2) Fire: High. Flash point 15°C 
(59°F) (Closed cup). 

SHORT EXPOSURE Not 
known for man. Exposure guinea pigs 
for minutes atmospheric 
tions 7000 ppm produced deaths, and 
3000 ppm for minutes produced seri- 
ous symptoms. Eye irritation and dizziness 


occur advance serious response from 
single exposure. Concentration 2000 
ppm probably not tolerated humans. 

ATMOSPHERIC CONCENTRATIONS IMME- 
DIATELY HAZARDOUS LIFE: Unknown. Im- 
possible obtain sufficiently high con- 
centration air room temperature 
Saturated air 20°C contains less than 
vapor. 


Significant Properties 
flammable, colorless, odorous liquid. 
Chemical formula: 
Molecular weight: 106 
Specific gravity: 0.8669 (20°C/4°C) 
Boiling point: 
Relative vapor 


density: 
Vapor pressure: 15.3 
20°C 
Solubility most organic sol- 
vents. 
25° and 
760 Hg, 


ppm vapor: 0.00434 mg/liter 
mg/liter 
vapor: 230.7 ppm 


Industrial Hygiene Practice 
RECOGNITION: Used organic syn- 
lacquers. Some commercial petroleum sol- 
vents may contain appreciable quantities 
ethyl benzene. 
EVALUATION EXPOSURES: 
(1) Instrumentation: Direct deter- 
mination the Davis Vapotester 
Model M-6 (Davis Emergency 
Equipment Company, Newark, 
J.), the MSA Combustible 
Gas Detector, Model (Mine 
Safety Appliances Company, 
Pittsburgh). 
(2) Chemical method: The vapors 
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may collected gas samp- 
ling bottle, evacuated bulb, 
absorption nitric acid, and 
determined the butanone meth- 
green color produced). the 
absence other vapors may 
absorbed activated char- 
coal silica gel and determined 
weighing. 

RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmosphere below 200 
ppm means process enclosure and/or 
ventilation. Prevent contact with the liquid 
through the use protective clothing and 
chemical-type goggles. 


IV. Specific Procedures 


FIRST AID: Remove from exposure; 
remove contaminated clothing, cleanse skin, 
eys, etc. Artificial respiration should 
started once breathing has stopped. 

SPECIFIC MEDICAL PROCEDURES: 

(1) Preplacement: Complete clinical 
and laboratory examinations are 
desirable for proper placement. 

(2) Periodic: Clinical and laboratory 
studies should done. Absorp- 
tion ethyl benzene reported 
amount hippuric acid the 
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PYRIDINE 


Hygienic Standards 

RECOMMENDED MAXIMUM ATMOSPHER- 
vapor per million parts air volume 
(1) Basis for Recommendation: Hu- 


man experience 
SEVERITY HAZARDS: 

(1) Health: Moderate for acute 
repeated exposures. higher 

has irritating effect and 
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nauseating, unpleasant odor. Liv- 
and kidney damage have been 
produced animals and man 
from oral Low- 
concentrations air give rise 
nausea, headache, insomnia, 
nervous symptoms, low back 
abdominal discomfort with uri- 
nary frequency. absorbed 
through the May cause 
skin irritation. 

Fire: High. Explosive limits are 
1.8 12.4% volume. Flash 
point (closed cup) 20°C 
(68°F). 

SHORT EXPOSURE TOLERANCE: Odor be- 
comes objectionable most unacclimatized 
people ppm and very disagreeable 
ppm. Exposures averaging 125 ppm, 
four hours per day for one two weeks 
give rise symptoms.* 

ATMOSPHERIC CONCENTRATIONS IMME- 
DIATELY HAZARDOUS LIFE: Unknown. 
Death resulted rats exposed 23,000 
ppm (calculated) for and 
4,000 ppm for four 


(2) 


Significant Properties 
Pyridine colorless, basic liquid with 
characteristic unpleasant odor. 
Chemical formula. C;H;N 
Molecular weight: 
Specific gravity: 0.982 (20°C/4°C) 
Boiling point: 115.6°C 
(760 Hg) 
Vapor pressure: Hg, 25°C 
Relative vapor 
25° and 
760 Hg, 
ppm vapor: 
mg/liter 


.00323 mg/liter 


vapor: 309 ppm 
ether, chloroform. 


Insoluble aqueous 
alkali solutions. 


Industrial Hygiene Practice 
RECOGNITION: 
(1) its characteristic odor. 
(2) Increasing use solvent 
chemical processes and syntheses. 
Used denaturant for alcohol, 
the dye industry, manu- 
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facture some explosives, phar- 
maceuticals, textiles, paint. 
EVALUATION EXPOSURES: 

(1) Odor: Easily detectable less 
than ppm. very disagree- 
ppm, but odor unreliable 
guide concentrations exceed- 
ing ppm. Olfactory fatigue oc- 
curs quickly.® 
Instrumentation: direct read- 
ing instruments available. Deter- 
mination ultraviolet spectro- 
photometry 256 millimicrons 
after collection specially de- 
natured alcohol (formula 
with the mass 
Chemical: Collection known 
volume 0.1 sulfuric acid 
and back titration excess with 
standard This probably 
useful only for high concentra- 
tions. 

RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmospheric concentra- 
tions beiow ppm process enclosure 
and/or ventilation. Exhaust air should 
disposed such way not cause 
public nuisance. Use 
equipment required. Avoid skin contact. 


(2) 


(3) 


IV. Specific Procedures 


FIRST AID: Remove from exposure, 
wash skin thoroughly with large amounts 
water and irrigate eyes with water for 
least minutes. 

SPECIFIC MEDICAL PROCEDURES: Per- 
sons with pre-existing renal disease cen- 
tral nervous system disorders should prob- 
ably excluded from work where repeated 
high exposures can occur. would de- 
sirable follow individuals with repeated 
substantial exposures complete periodic 
clinical examination. Persons who have had 
large overexposures should followed care- 
fully for abnormalities liver, central nerv- 
ous system, renal function. 
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Because space limitations, impossible list all methods exposure evalu- 
ation. The selections have been made the basis current usage, reliability, and 
applicability the usual industrial type exposure. Any specific evaluation and/or 
control problem involve professional judgment. This can best done pro- 


fessional industrial hygiene personnel. 


Respiratory protective devices are commercially available. Their use, however, 
should confined emergency intermittent exposures and not relied upon 


primary means hazard control. 


relative scale used for rating the severity hazards: nil, low, moderate, high, 


and extra hazardous. 
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Hygienic Guides and Binders Available 


NDIVIDUAL Hygienic Guides loose-leaf form may obtained from the American 

Industrial Hygiene Association, 14125 Prevost, Detroit 27, Michigan, each. 
20% allowed orders five more; 40% orders 100 more. 
Also available are flexible loose-leaf binders for the individual Hygiene Guide sheets. 
The binders have been especially designed provide maximum protection and ease 
handling the Guides. They will particularly useful keeping permanent file. 
The binders are blue color, with white lettering, and are fitted with rings. The 
price $1.25. The Guides and the binders may ordered the blank page 374. 


Hg. This should have 
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Erratum 


HYGIENIC GUIDE for Ethyl Alcohol which appeared the March, 1956 issue 
the AIHA Quarterly, erroneously listed the vapor pressure 20° 
been 42.3 Hg. 
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Convair helps improve 
plant hygiene with SBS-30 
waterless skin cleanser 


this ultra-modern plant are produced many Democracy’s 
air defenses. Here, too, achieved ultra-modern plant hygiene 
program with the help SBS-30 Waterless Skin Cleanser. 


maintain cleanliness this priority production, Convair has 
installed SBS-30 Waterless Skin Cleanser dispensers “difficult 
soil areas”. SBS-30 affords this fast, safe and thorough ‘‘on-the- 
job” way cleaning that requires water, plumbing com- 
plicated installation. 


Wherever they are installed, SBS-30 Waterless Skin Cleanser 
dispensers help Convair produce savings through greater 
the-job” efficiency. Man-hours are saved reducing the number 
trips distant wash areas. The incidence industrial dermatitis 
reduced through improved personal hygiene. 


Why don’t you, like Convair and hundreds other industrial 
leaders, take a serious look at SBS-30 Waterless Skin Cleanser. 
WRITE rush complete, detailed literature. 


Write Dept. 


SBS WATERLESS WASHSTATION* 


*Trademark 
PLANT: 


302 Waller %t., Soginow, Michigan * Los Angeles, Colifornia * Newerk, New Jeney 
CAMADIAM SUBSIDIARY: 
Chemical By-Products, Lid, 23 Recine Reed, Rexdele, Onterie, Conede 
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GAS MASK PROTECTION 


For Eye-Glass Wearers 


you wear glasses, you longer have 
put with the hazard ill-fitting gas 
masks worn over your regular spectacles. 
This exclusive new Acme “Spec” mask now 
gives you facepiece with all the proved 
Acme safety features PLUS built-in eye 
glasses ground your individual prescrip- 
tion. 


You can get the Acme “Spec” mask com- 
plete with personal lenses sending your 
doctor’s prescription with your order. Or, 
you prefer, the mask can furnished 
with stirrup, bracket and front ready for 
your doctor mount your proper lenses. 


Either way, you get the perfect vision, safe- 
and comfort along with the Acme ad- 
vantage one facepiece serving multiple 
uses. 


For details this timely Acme develop- 
ment, write for Bulletin No. 576 and No. 
576-A (Prescription Form). 


FREE PROTECTION GUIDE 


Lists 433 hazardous gases, mists, fumes, and dusts 
along with the Acme protection recommended 
overcome them. Write for Bulletin 542. 


ACME PROTECTION 
EQUIPMENT COMPANY 


1245 Kalamazoo Street, South Haven, Michigan 
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FOR MAXIMUM WINTER SKIN PROTECTION 


PATENTS APPLIED FOR 


The quality you get PAX SILICONE LOTION the ability the 
long polymer silicones give long lasting protection the skin 
these three important ways: 


PAX SILICONE LOTION forms invisible film, keep- 
ing harmful materials from direct contact with the skin. 


This film makes easy wash the skin free con- 
taminants. 


The skin thus protected from loss natural oils 
and surface moisture, GIVING VALUABLE PROTECTION 
AGAINST CHAPPING. 


The short polymer silicones, used ordinary lotions, are short 
molecule silicones. These short molecules silicone tend dissolve 
easily many substances such mineral oil and alcohol. 
result the protection they give ineffectual and short lived. 


direct contrast PAX LONG POLYMER SILICONES give long 
ing protection. Their molecular length has the built-in ability 
specifically resist mineral oil, various alcohols, acids and deter- 
gents, dimethyl phthalate, cutting oils, glycol, acetone, 
water and water borne irritants. 


This same inertness makes impossible combine with regular 
lotion bases. Because this, PAX Chemists originated new lotion 
concept. This new, lanolin rich, lotion releases the full usefulness 
the 10% Long Polymer Silicone content. smoothes and has 
stickiness unpleasant after feel. does not clog pores affect 
the sensitivity touch. Pax Silicone Lotion mild may 
used babies’ skin control diaper rash! 


When you purchase silicone lotion you're paying for the benefits 
that only PAX SILICONE LOTION can give you. sure. 


order name. PAX SILICONE LOTION 


Look for the PAX ROOSTER and the PAX SEAL. They are 
Trade Marks found only products the Highest Merit. 


PACKWOOD MFG. CO. 


Tower Grove Ave. St. Lovis 10, Mo. 
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GIVE YOUR 
WORKERS 
THE BEST EAR 
PROTECTION 
AVAILABLE... 


Why FLENTS Are The Solution Your Noise Problem: 


FLENTS Anti-Noise Ear Stopples are small Because FLENTS mold easily the contours 
pliable balls cotton, scientifically impreg- any ear canal, unnecessary spend 


nated with special waxes. They completely valuable time fitting them personnel. 
close the ear with air tight yet 


permit conversation heard. hazards ear from explosions. 


100% rating, scored competitive 
underwater tests prove FLENTS completely 
watertight! 


FLENTS provide highest attenuation. 


Extreme low costs make FLENTS disposable 
FLENTS maintain constant seal. after use. 


RECOMMENDED LIABILITY INSURANCE COMPANIES 


Some Of the Firms 
That Use FLENTS Now... 


ENGINE CO. point out the confidence FLENTS held 

many industrial users, since 1927! 

ELECTRIC 

WORTH AMERICAN AVIATION, INC. 

AIRCRAFT, the best interests your firm and employees, 
AVIATION CORP. investigate the use FLENTS, without delay! 
SCOTT PAPER 

GAS PIPE LINE 


Send for Free samples today. 


PRODUCTS COMPANY, Inc. 
Dept. 1-127, 103 PARK AVENUE NEW YORK 


* Reg. U.S. Pat. Office 
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COMBAT AIR 


AIR SAMPLER 


INDUSTRY AND GOVERNMENT 

NECESSITY MAINTAINING 
MODERN HEALTH STANDARDS 


The STAPLEX HI-VOLUME AIR SAMPLER has proven basic 
instrument combating and controlling air pollution. Time-tested 
excellent for both indoor and outdoor sampling this sampler 
accomplishes minutes what previous units required hours do. 


Accurately samples large volumes air containing particulate 
matter small 1/100th micron diameter through use 
filter papers. Standard filter paper inches diameter. 

and 10” adapters available. Other 

sizes order. 


Hundreds now use Industry and all types government health 

agencies, Municipalities, Insurance Companies, etc. accurately measure 
factory health hazards, atmospheric conditions, smoke abatement, 
smog, for mine inspections, and many other applications. 


Write for THE COMPANY 

777-A Fifth Avenue, Brooklyn 32, N.Y. 


Samplers. 
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Pangborn Dust 


ontrol 


can cut operating costs 


Pangborn Dust Collectors trap industrial dusts the source origin. 
doing so, they cut plant operating costs five ways. Pangborn Dust Control: 


Cuts machinery maintenance costs. Eliminates abrasive wear dust 


—saves parts and labor costs, downtime. 
Cuts housekeeping costs. Cleaning and painting are not required 


often. 


Reclaims material. Valuable dust can re-used sold by-product. 


Increases employee efficiency. Production goes when personnel works 


dust-free atmosphere. 


Cuts heating costs. Many plants recirculate the already-heated, 


cleaned air. 


addition, Pangborn Dust Control guards product quality, protects employees’ 
health, improves morale within the plant and community relations outside. 


For automatic, operation, the Also for dry dus 

Pangborn Cleaning Collector Collector—an efficient, economical method 
combining the proved efficiency dust control. Its simplified design 
the cloth screen collector with con- and construction involves minimum 
tinuous operation, uniform air flow. parts. Easily inspected and maintained. 


The Pangborn 
Centrifugal Wet 
Collector—for hot, 
moist, inflam- 
mable, abrasive, 
corrosive 
obnoxious dusts. 
tower-type 
counter-flow 
construction 
gives high- 
efficiency per- 
formance 
small space. 
Operating cost 
low. 


NOTE: Bulletins are available all Pangborn 
Dust Collectors. For your copy more details, 
write PANGBORN 4500 Pangborn Blvd., 
Hagerstown, Md. Manufacturers Dust 
Control and Blast Cleaning Equipment. 


ts, the Pangborn Cloth Bag 


Which Pangborn Dust Collector you 


The Pangborn 
Ventrijet Wet 
Collector—also for 
dusts that dry 
type collector 
cannot handle. 
compact, self- 
contained unit 
with low head- 
room. Inexpen- 
sive maintain 
and operate, its 
ease and econ- 
omy installa- 
tion recommend 
its use many 
cases. 


For fine, dry dusts, the Pangborn 
Screen Collector—accomplishes 
recovery low cost; easily mai 
tained and gives maximum 
area for the space available. 


For small volume applications, 
Pangborn Unit Type 

self-contained unit, 
assembled ready for 
tion. Seven sizes, ranging 
200 1,000 sq. ft. cloth 


DERMATITIS needless penalty 


Dermatitis caused industrial materials such chemicals, oils and abrasives can 


born prevented. Simply. Inexpensively. With basic program that and improves 
the hygiene workers the West Program Dermatitis Prevention and Control. 
sly ma 

clo How does work? 

abie, 

contributing source dermatitis overlooked. Specially formulated 


handcleaners insure cleanliness. Antiseptic creams help protect exposed skin 
areas. aprons and armguards prevent clothing contamination. Other 
specialties protect against bacteria infections. 


Workers are protected against physical discomfort, lowered morale and lost time. 


Management protected against the costs medical care, absenteeism, replacement 
training, sacrificed quality and lost production. 


Why not discuss the West Program Dermatitis Prevention and Control with one our 
specialists? His recommendations will help you eliminate the needless penalty 
dermatitis. obligation course. Just send the coupon. 


ations, 
tive Sanitation and Preventive CHEMICAL PRODUCTS INC., 42-16 West Street, Long Island City 
instal 
loth 


Branches principal cities Canada: 5621-23 Casgrain Ave., Montreal 


Please send your page booklet ‘‘The Control Dermatitis 
| ( Please have a West representative telephone for an appointment. 


Mail this coupon with your letterhead Dept. 


| be | 
WEST 
WEST DISINFECTING DIVISION 


There’s quick, effective way protect workers 
lead exposures. Use M-S-A Lead-In-Air Detector Kit. 

M-S-A has assembled field kit for detecting and 
measuring air-borne lead contamination. The apparatus 
this kit permits determination the weight lead 
present measured volume air use simple 
spot test color comparison. Concentrations lead well 
below and above the Maximum Allowable Concentra- 
tion .15 milligrams per cubic meter are readily 
measured. 

Proper ventilation may eliminate the danger from 
small concentrations invisible lead dusts and fumes. 
However, constant check must kept its effective- 
ness insure atmosphere that safe for continuous, 
prolonged occupation. 

That’s why the M-S-A Lead-In-Air Detector Kit 
makes much sense safety measure. Write for 
new bulletin for operating instructions and details. 


M-S-A 
EXPLOSIMETER 

Detects and measures 
explosive concentra- 
tions of gases and 
vapors in atmosphere. 
One-hand operation. 
Easy-to-read dial. 


Compact aluminum case suspends waist height from shoulder straps. When open, lid serves small 


New M-S-A® Detector Kit determines 
and measures air-borne lead dusts and fumes 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 


your Service: Branch Offices 
the United States and Canada 


SAFETY EQUIPMENT HEADQUARTERS 


M-S-A COLORIMET- 
RIC INSTRUMENTS 


Sniff out suspected 
creas that may con- 
tain harmful and 
dangerous toxic gas 
concentrations. Simple, 
quick, accurate. 


M-S-A GASCOPE 


Single, dual-scale 
meter indicates full 
range of combustible 
gas concentrations. 


Offers accuracy, 
| speed and simplicity 


| 
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to 
replace 


exhausted 


air and 


balance 
minus 


pressures... 


Where gases, dust and fumes are removed 
exhaust fans large volumes, depleting 
the air supply within the building and cre- 
ating minus pressure, consider the possi- 
bilities the Make-Up AIR. These com- 
pact ceiling-suspended units replace the air 
from the outside even and constant 


flow, without drafts noise. Warm, clean 
air delivered definite known quantities 
balance the known loss, correcting 
drafty conditions and uncontrolled infil- 
tration. All units are equipped with vertical 
tube coils providing quick removal con- 


densate. Complete details bulletin 


NEW YORK BLOWER COMPANY 


SALES OFFICES: 3165 SOUTH SHIELDS AVENUE CHICAGO 
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Last Recorded Words Secretary 
about Succumb Typewriter 


well known contributor office noise the nerve-jangling clack 
typewriters. Aware this, Underwood Corporation’s General Research 
Laboratory in Hartford, Connecticut began a program of measurement and 
interpretation business-machine noises well over twenty years ago. 

Noises from machines such as typewriters are made up of a series of 
short-duration bursts of sound. Sound-level meters and spectrum analyzers 
by themselves are inadequate for measuring these extremely short impact 
noises. These measurements can made with the General Radio Impact- 
Noise Analyzer, the only commercially available instrument designed 
expressly for the direct measurement impact noises. Designed ac- 
cessory to the Type 1551-A Sound-Level meter, the Analyzer permits the de- 
termination of both sound level and time duration of impact noises. Under- 
wood found that the Impact-Noise Analyzer suited their measurement needs 
perfectly, and with its help was able make the Touch” type- 


Oscillogram of a typical typewriter noise. First im- 

writer the quietest typewriter they have ever built. pact spe bar the — peak 

*This malady is closely akin to drop-hammer wheezy, punch-press value is approximately 115 db and lasts about 3 mil- 

blues, and air-hammer palsy. liseconds. A second peak occurs some 50 milli- 

seconds later when the type bar returns to its rest 
Position. 


G-R Type 1556-A 
impact-Noise Analyzer, 
$210 

Measures Three Essential 


Characteristics Impact Noises 
“Peak-Reading” Measurement: indicates the maximum 
instantaneous level reached by the noise. 


“Time Average": a measure of the average level main- 
tained by the noise over a selected period of time. 


“Quasi Peak”: a continuously indicating measure of the 
peak sound level. 


Setup used by Underwood for noise analyses 
of their “Golden Touch” typewriters. The 
transients are picked up by the suspended 
microphone, amplified by the Type 1551-A 
Sound-Level Meter ($385), and then passed on 
to the Type 1556-A Impact-Noise Analyzer. 


An electrical storage system is provided, making pos- 
sible measurement of all three of the above characteris- 
tics for any single impact. 


Write for Complete Information 


All G-R Products 
are now covered by a 


8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 2 W t 
1182 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO 6605 W. North Ave, Oak Park, Ill. CHICAGO ws éa Yr arra n y 


in CANADA: 99 Floral Parkway, TORONTO 15 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 
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Click" 
GENERA 


TYPE 
DUST FILTER 


HOW THE DAY 
FILTERS and RECOVERS 
DUST MORE EFFECTIVELY 


Dust laden air enters inlet (A), travels 
around and down discharging heavy parti- 
cles into hopper (B). Air containing fine 
dust particles travels felted filter me- 
dia (C). The dust stopped the filter 
media and the clean air leaves the unit 
through outlet (D). 


maintain porosity and constant back 
pressure filter sleeves (wool synthetic 
fibers) are counter-flowed one time. 
cylinder (E) rotated motor (F), pis- 
ton (G) raised and spring (H) com- 
pressed. When counter-flow duct (1) reaches 
its position directly over one filter sleeve, 
air seal made eliminating the flow 
air through this particular sleeve. that 
moment piston (G) released. Spring (H) 


(Licensed by 
H. J. Hersey, Jr.) 


plunges piston (G) the bottom cylinder The DAY filter maintains its high 
(E) fixed volume counter-flow air, operating efficiency continually re- 
high velocity, reverse direction sult the nonvariable counter-flow 
through filter media (C). This maintains the felted filtering media. Heavy well 
the porosity the filter media (C). The light grain loadings are handled 
sleeve where the same action takes place. 


FOR COMPLETE INFORMATION AND SPECIFICATIONS 
WRITE TODAY FOR BULLETIN G-579. 


The DAY Company 


SOLD UNITED STATES 


The DAY SALES Company 


860 Third Ave. N.E., Minneapolis 13, Minn. 
Branch Plants: Buffalo, Ft. Worth 


Representatives Principal Cities 
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EFFECTIVELY CONTROLLED 
EQUIPMENT 


matter how complex your air cleaning problem may 
seem, chances are very good that some “Buffalo” unit can 
clear the situation your complete satisfaction. 


Take the “Buffalo” Hydraulic Scrubbing Tower. 
cleans centrifugal spray action, plus scrubbing action 
against wetted surface provides high collection 
ciency resists heat, corrosion and abrasion— has 
tendency clog. It’s controlling everything from coke 
breeze stringy, linty discharges. Maintenance simple 
and operating costs, low. 

Or, for acid mists, fumes and vapors, the “Buffalo” 
Absorption Type Washer may the best solution for 
your particular problem. 


And on. The “Buffalo” line equipment com- 
plete, resulting from half-century experience 
“taming” some the toughest industrial effluents, from 
pilot plant production. Write phone the Buffalo 
advantage this experience and the “Q” Factor* 
“Buffalo” Equipment for the results you want! 


“Buffalo” Absorption 
Type Washer 


*The Factor the built-in Quality which provides 
trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 
Canadian Blower Forge Co., Ltd., Kitchener, Ont. 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT 
EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 


=. 
: 
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Complete unit weighs 
less than 


Has Built-in explosion-proof 
power source! 


Attention time reduced less 
than minute per sample! 


Costs only fraction 
other available equipment! 


The UNI-JET AIR SAMPLER inex- 
pensive, simplified, self-powered air contamination 
collector small enough held one hand and 
weighing less than pounds. This new development 
substitutes highly efficient pow- 
ered non-flammable gas safe, low 
pressure disposable container. Other than valve 
control the propellent (Freon) flow, the UNI-JET 
AIR SAMPLER contains moving parts, thereby 
minimizing operating and maintenance problems. 

The outstanding advantages the UNI-JET AIR 
SAMPLER lie its built-in explosion proof power 
source which permits air analysis fire hazard 
areas, compactness, (unit weight less than pounds) 
and low operational and maintenance cost. 

The UNI-JET AIR SAMPLING kit can carried 
workman's belt with light, flexible hose ex- 
tending from the aspirator the collar, 
obtain samples the same air breathed during 
routine work assignments without interfering with 
productivity. 

The air sampling rate determined the 
"Freon" gas pressure the aspirator jet, and 
controlled orifice inserted between the nozzle 
and the "Freon" supply valve. set orifices 
permits sampling rates over the range cu. 
ft. per hour. Only the time during which the jet 


rption 


operates and the ambient temperature are needed 


T.M. 


The Uni-Jet Air Sampler 


UNION INDUSTRIAL EQUIPMENT CORPORATION 


determine the volume air sampled from 
temperature-compensated calibration chart. 

For those applications where continuous in- 
dication air flow desired, special un- 
breakable double range rotometer has been 
perfected. The Flo-Set rotometer calibrated 
from 0-5 liters per minute and 0-10 cubic feet 
per hour. The Flo-Set rotometer positive 
self indicating measure the rate flow 
through the midget impinger. The needle valve 
the propellent source provides instanta- 
neous precision control the sampling rate. 

filter holders provided with 
threaded adapters for direct connection 
the aspirator the Flo-Set rotometer are 
standard stock item. The half inch 
adapter well the one inch Aerosol test 
results are available upon request. 

The efficiency the Aerosol 
filters for the collection air-borne dust and 
radioactive particles has been well established. 
Mounted the UNI-JET AIR SAMPLER, the 
Aerosol adapters provide well 
balanced, reliable, highly effective atmos- 
pheric survey instrument. 

TECHNICAL DATA AND PRICE LIST 
ARE AVAILABLE. 


White Plains, New York 
PENDING 


5 
~ 
wer 


HOW CLEAN... 


the Air Your Community 


determine the amount air pollution You can monitor the 
atmosphere with Samplers 


There are two types Samplers—the establish the source and distribution air pollu- 
Smoke Sampler and the tion. Both samplers operate continuously, that 
Hydrogen Sulfide Sampler. Use them obtain you monitor the atmosphere hours day, 
record over extended period air pollu- regular intervals hours. 

tion concentration, and provide data 


AUTOMATIC SMOKE SAMPLER 


city atmosphere determine smoke 
and haze concentration. Because its low cost 
you can locate large number them for more 
comprehensive recording; and its quietness over- 
comes objections location residential areas. 


HYDROGEN 
SULFIDE SAMPLER 


indicates hydrogen sulfide con- 
centration low one part per 
billion parts air. Operates same 
principle Air Sampler but fitted 
with air filter remove suspended 
solids; and tape assembly enclosed 
prevent blackening tape outside 
sample spot. 


EVALUATE RESULTS 


Research Appliance Company manufac- 
tures Spot Evaluator with which the spots 
are evaluated measurements light trans- 
mission. 


Write for prices and for complete information construction, operation and performance 
details both the samplers and the evaluator. 


RESEARCH APPLIANCE COMPANY 


307 ALLISON PARK, PA. 
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For grease-free, non-slip 
concrete floors the safe, 
easy way. Eliminates fire 
hazards. Contains caus- 
tics acids. Offers max- 
imum personnel safety. 
Easy use, Oilift does the 
work chemically. 


HOWS YOUR 


Check Big Three for 
More Certain Plant Safety 


Whatever your cleaning problem, Turco 
has compound the job safer, faster, 
better. Shown here are three the many 
Turco materials that produce safer, more 
efficient plant operation. 


TURCO-SOLV 
Safety solvent replace 
dangerous carbon tet 
cleaning operations. Non- 
flammabie, nonconductive, 
fast-drying. Leaves resi- 
due. Especially 
for in-place cleaning 
motors, generators, etc. 


HANDISAN 
me- 
chanics hand soap. Gets 
grime gently. Nonchapping, 
nonclogging, free rinsing. 
Assures better handwash- 
ing lower cost per 
worker. Available with 
without lanolin. 


Three good reasons why 
America’s safety-conscious 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds SPECIALIZED SERVICE coast coast 
Central 1,Calif. border, Turco specialists and Turco warehouses are 


most principal cities. Consult your local classified phone 


EXCLUSIVE 


ication with second- 
topic 


oz. tubes either 0.5% 
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EMERSON VENABLE, P.E. 
CHEMIST AND ENGINEER 
Fellow, American Public Health Assoc. 


The Most Experienced 
FILM BADGE SERVICE 


NSULTANT for 
PERSONNEL MONITORING 
Air Pollution, Chemical Warfare and ENVIRONMENT 


EMERGENCY CONTROL 


ST. JOHN X-RAY LABORATORY 


Califon, New Jersey 
Established 1925 


Industrial 


PHONE 1-8045 
6111 FIFTH AVENUE PITTSBURGH PA. 


RESEARCH, ANALYSIS 
CONSULTATION 


Toxicology, Pharmacology, 
Bacteriology, Biochemistry, 
Chemistry, Nutrition, Radiochemistry 


New Price Schedule Available 


SCIENTIFIC ASSOCIATES 


3755 Forest Park Avenue 
St. Louis Missouri 
JEfferson 1-5922 


HYGIENE SERVICES 


Consultation and Research 
in 
Environmental Studies, Air Sampling and Analyses, 


Blood and Urine Analyses for Heavy Metals, Ven- 
tilation Studies. 


OCCUPATIONAL 
HYGIENE AND MEDICAL SERVICES 
East 222nd Street and Euclid Avenue 
Cleveland 17, Ohio 

IVanhoe 6-1107 
William L. Wilson — Louis S. Beliczky 
Industrial Hygienists 


Phone CApitol 7-5708 


OCCUPATIONAL 
HEALTH 
211 MILBY STREET LABORATORIES 
TEXAS 


LEON HOROWITZ 
Professional Engineer 


CONSULTANT 


in 


Hygiene Air Pollution 
Exhaust System Design; Dust, Gas 
Fume Control; Noise Surveys 


Phone CApitol 7-5708 
Dithizone method 
for lead. Urinary 
coproporphyrin 


INDUSTRIAL HEALTH 
HYGIENE AND SAFETY SERVICE 
Box 
Royal Oak, Mich. 
Lincoln 2-9569 


GORDON HARROLD, PH.D. 
STUART MEEK, M.D. 
AND ASSOCIATES 


100 Park Avenue, New York, N.Y. 
ORegon 9-1300 


WiLLIAM FEHNEL, Consultant 
years experience 


INDUSTRIAL HEALTH, AIR AND 
STREAM POLLUTION PROBLEMS 


Box 172 Central Station 
Jamaica 35, New York 
Telephone: JAmaica 9-2438 
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Type Plant Requirement! 


manufactures all four from raw material finished product 


Whether for light, heavy extra heavy duty, for general plant 
office use, solve specific cleansing problems, our more than 
years experience serving industry your service. Your 
inquiries will receive prompt and intelligent attention. 


Page 


Specialized Soap for Every 
WASHERS are now serving many 


Advertisers 


Acme Protection Equipment .................. 380 
American Air Filter Co. ...... 3rd cover 
383 


Dow Chemical Company 289 towards evaluation 

Mine Safety Appliances 298, 384 Write Today 

Occupational Health Laboratories 382 

Occupational Hygiene Laboratories 382 Describes laboratory 

Research Appliance Corp. ..................... 304 chemical, cosmetic and feed industries, well 
Rosner-Hixon Laboratories .................... 384 services general industry 
382 

St. John X-Ray Laboratories 382 

Union Industrial Equipment Corp. ............. 303 


Combat Industrial Dermatitis with 


M-S-A FEND-SILICONE CREAM 


silicones protect against irritants 


The addition silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. goes the skin 
smoothly and easily, and free from any 
The invisible film tough, durable. protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream non-toxic, 
does not interfere with normal skin gland function, 
and buffered the average the acid mantle 
the skin. Available oz. tubes Ib. jars. 
Write for details. 


M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


Neutral and bland, Fend prod- 
ucts are available for wide 
variety irritants. They are 
easy apply and remove—will 
not irritate the most sensitive 
skin. Write for details. 


SAFETY EQUIPMENT HEADQUARTERS 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh Pa. 


Your Service: Branch Offices the 
United States and Canada 
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Type Type Type 
ROTO-CLONE ROTO-CLONE ROTO-CLONE 


For moderate load- For heavy-duty loadings For medium concentra- For high concentrations For extremely fine 
ings of dry, gran- of all sizes tions of fine particles of dry, granular par- particles and ma- 
ular particles ticles in large volumes terials that should be 


reclaimed dry 


And All Five Products Have These 
Basic Design Features 


Small space requirements 


Maintained performance over wide range 
operating conditions. 


Constant exhaust volume 


High collection efficiency 


COMPANY, INC. 
253 Central Avenue, Louisville 8, Kentucky 
American Air Filter Canada, Montreal, 
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the application atomic energy 
extensive safeguards must employed 
assure protection against 
the harmful effects 
ionizing radiation. 
/ 


for 


provides comprehensive and 
‘expert program for the control 


radiation hazards they are encountered 
nuclear-reactor operation, uranium ore mining and 


fuel fabrication and reprocessing, 
radioisotope laboratories, 

particle accelerators, and 

high-level gamma irradiation facilities. 


The utilization 

coordinated services 

assures that governmental regulations 

are being fully complied with 

and that optimum protective measures 
for employees and the general public 

are installed and maintained. 


Two brochures are available request: 

Radiation Hazards Protection Program; 

C-2 Applied Nuclear Research and 
Radioanalytical Services. 


RADIATION HAZARDS 
PROTECTION SERVICES 
Hazards Summary Report 
Pre-o 
perational 


Radiological Safety Education 
Radiation Protection Procedures 
and Standards 
Leasing Monitoring 
Systems 
Film Badge Service 
Bio-assays for Radioactivity 
Operational Surveys 
Proposals will made without 
obligation for program involving 
any all the above services. 


: 
Ff ‘ 
CON-RAD 
for RADIATION, inc. 130 Brook Parkway, Cambridge 


